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SYNOPSIS 


¥e have studied some applications of Pual Resonance Model 
in this thesis. Ihe thesis consists of two parts, the first part 
contains the study of charge and hypercharge exchange processes 
in meson-haryon scattering using the Veneziano model. Ihe second 
part is devoted to the study of the consistency condition 
imposed on the coupling constants using the information on total 
cross-section and inclusive cross-section. The content of the 
thesis is as follows. 

The first chapter is devoted to the general introduction 
to the S-matrix theory and its application to the low-energy 
and high energy scattering processes. We introduce Poleri-Horn- 
' Schmid duality hypothesis in this chapter and mention some of 
its applications. Then we consider Yeneziano model as one of 
the models which exhibits principle of duality explicitly. 

In the second chapter, we study single Regge pole 
exchange processes in pion-nucleon scattering using the Yeneziano 
model. The polarization phenomena in pion-nucleon charge exchange 
process is studied in the intermediate energy range. This pro- 
cess is studied in the two models (i) proposed "by Igi and 
(ii) Fenster and feli. The results of the two models are 
compared with experimental data. We also study the production 
in the Yeneziano model. We obtain a fairly good fit to the^^^^ 
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differential cross-sections in the intermediate energy range 
for the fj production process. 

The third chapter contains the study of the charge and 
hypercharge exchange processes in kaon nucleon scattering, lie 
obtain fits to the differential cross-section with a relatively 
small number of parameters and precict polarization for these 
processes. ¥e also predict differential cross-section for 
some of the crossed channel processes vhich are in fairly good 
agreement with the experimental data. In this chapter we include 
the application of the Veneziano model to charged pion photo- 
production. We obtain a good fit to the differential cross- 
section and the assnnmetry parameter for the charged pion photo- 
production is predicted. 

In the fourth chapter we take up study of the inclusive 
reactions like a + b c + anything. We use the fact that, 
there is already enough information about unitarity in the 
four point Veneziano amplitude, to calculate total cross-section 
for a + b - anything using optical theorem. Then we use genera- 
lized optical theorem of Mueller to obtain an expression for the 
inclusive cross-section from the six point Veneziano amplitude 
for the forward scattering amplitude of the process a+b+c — a+b+c. 
The inclusive cross-section is calculated explicitly in different 
kinematical regions of the inclusive reaction a+b - c + anyiihing. 
The cross-section obtained, in this manner, for the inclusive 
process is integrated to obtain the total cross- sect ion. The 
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theorem together v\rith the total cross-section obtained from 
the inclusive cross-section give a nonlinear equation for the 
coupling constants. We have used this method for the calculation 
of the coupling constants that occur in the meson-meson scatter- 
ing. The masses of the mesons and the leading Regge trajectories 
that are exchanged in different channels have been used as 
inputs. Following the arguments of Tye and Veneziano we assume 
that the Reggeon part and the Pomeranehukon part satisfy the 
nonlinear bootstrap equations separately, therefore the Pomeran- 

cfaukon is not included in all these calculations. Our results for 

2 2 

the coupling constants of the same order 

of magnitude when compared with available results. 

We discuss our results in the fifth and last chapter. 

We also suggest the possible improvement that can be made in 
our models. A possible modification is suggested to study 
the nonlinear dual models in order to obtain better results. 



CHAPTER I 


1 

The S-matrix theoiy has been of great use in the study 
of the properties of strongly interacting particles during the 
last two decades. This approach is important, both, for its 
direct relation to experimental data and for its role in the 
theoretical study of strong interactions. The general princi- 
ples of the S-matrix theory, such as unitarity, crossing and 
analyticity, together with the dynamical content of the Regge 
pole theory have produced encouraging results. It is hoped 
that this scheme v/ill put strong restrictions on the scattering 
amplitude so that the Regge trajectories and their residue 
functions could be uniquely determined. As a consequence, the 
spectrum of the particles and their couplings would be comple- 
tely determined accomplishing a bootstrap scheme. 

The principle of maximal analyticity of the first kind 
requires that the only singularities of the S-matrix should be 
the poles corresponding to stable or unstable particles, and 
further singularities are generated from those poles by 
unitarity. The analytic behavior of the scattering amplitude 
as function of energy and momentum transfer plays a central 
role in establishing rigorous results at high energies and 
in providing the basis for approximation procedure. ^ 
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Ihe' principle of mazimal analyticity of the second kind 
states that the S-ms-trix should he continuahle in angular momen' 
turn throughout the complex angular momentum plane, with only 
isolated singularities. (iThe cuts in the angular momentum 
plane can be generated from poles.) The principle of maximal 
analyticity of second kind together with crossing and the maxi- 
mal analyticity of the first kind has ;become very useful, 
during the last decade, in the study of the high energy colli-, 
sions of hadrons. 

In the scattering experiments one. observes the following 
general features in the low energy region: 

(i) There are large number of resonances in the low energy 
region. The peaks in the scattering cross-sections can be 
regarded as the manifestation of these resonances. 

(ii) The angular distribution of particles in the scattering 
experiments is understood in terms of a few low»lying partial 
waves. 

To a . good approximation the low energy scattering pheno- 
mena can be understood in the resonance saturation scheme. In 
this approximt ion one assumes that the scattering amplitude 
is well approximated by resonance poles and the non resonating 
background is negligible. 

Ihereas in the high energy experiments one finds; 
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(i) Each total cross-section decreases rapidly towards a 
constant value in each case. 

(ii) Ihe differential cross-sections show sharp forward and 
backward peaks. 

(iii) Total cross-sections for particle target and the anti- 
particle target in majority of processes are tending towards 
an equality. 

(iv) In the case of certain processes the differential cross- 
section has dips at fixed values of momentum transfer at 
different energies. 

All these gross features of the experimental data have 
been described successfully using the Regge pole theory. Accord- 
ing to this theory the high energy behavior of the scattering 
amplitude is controlled by the moving poles in the complex 
angular momentum plane of the crossed channel. 

Row what happens in the intermediate- energy region? The 
scattering process in this region can be described either in. 
terms of only direct channel resonances or in terms of only 
Regge poles in the crossed channel. A third possibility is 
that we can construct the scattering amplitude as sum of a 
Regge part and a resonance part . The latter model is i^ef erred 
to as the interference model. It is also possible to explain 
the scattering P3DO cess in the inteimiediate energy region in terms 
of single particle exchanges in the t-channel. But this model 
fails to reproduce the observed energy dependence of the 
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scattering cross-sections at high energies. This apparent 
contradiction between the Regge pole theory and the single 
particle exchange model was resolved by van Hove. According 
to van Hove^"^ the Regge behavior, at high energies, can be 
ijnderstood as the effect of the exchange of infinite ninnber 
of particles in the t-channel, occuring in an indefinitely 
rising Regge trajectory. Another q[uestion that crops up is 
whether there is any relation between the Regge poles in the 
crossed channel and the resonances in the direct channel. The 
finite energy sum rules provided the connection between the two, 

1*2 Rinite Energy Sum Rules and Duality : 

The analytic structiire of the scattering amplitude 
enables us to write a fixed t dispersion relation in the cut 

(energy) plane. One requires the knowledge of the behavior of, 
the scattering amplitude as in order to write such a dis- 

persion relation. According to the resonance saturation scheme 
the low energy region of the scattering amplitude is well approxi- 
mated by resonances, whereas* at the asymptotic energies^ the 
behavior of the scattering amplitude is determined by the Regge 
poles that. are exchanged in the crossed channel. Using these 
two bits of information it has been possible to impose certain 
consistency conditions on the scattering amplitude to satisfy 
the demands of analyticity*®’^ 
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Consider a typical -un subtracted fixed t dispersion 
relation: 

j “ Im , t) dV* 

A(l», t) = -L / (1.2.1) 

Vo , V- V 

which tells us that A( li? , t) is a real analytic function defined 
in the complex'^ plane cut from Vo along the ireal axis. 

■i(V, t) is purely real for V helow and its discontinuity 
across the cut is 2i Im A(V, t) and A(V) - 0 as '*# **-«>. If 
■^(V» ■^) does not tend to zero as V -* °o we need to introduce 
subtract ions. 

lo' derive the finite- energy -sum rules ifFESR} we consider 
a function A(V» t) which is antisymmetric in V fixed t 
and which dan he represented hy a series of Regge poles for 
V >. R. Ihe Regge poles (lan he divided into following three 
classes: (i) the class of poles for which a > -1 denoted, by 
(ii) the poles for which a < -1 denoted hy and (iii) 
denotes the set of poles for which a = -1. Ihe pi^sence of 
demand subtract ions in the dispersion integral and oc^'s 
do not require any subtraction. 

If we subtract the part which gets contribution from 
then the amplitude ACVv t) will satisfy the following equation. 

" r Pi • 1 

/ Flm A( ■jr.t) - 2 — - — I (1.2.2) 

0> ai>-1 (a^+1) ^ 

where is the residue of the pole = -1. 
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We have ass-umed that the Regge behavior of the amplitude 
is given hy 

-iTca-, (t) 

<± ^-e ) “V ' 

H-*, t) z ' ■■ ■ ■' : '' .(1.2.3) 

^ 1 sin n a^(t) l(l+a^Ct)) 

#iere 1 includes the i, 3 and k typje Regge poles. 

The point to note here is that the individual terms in 
the left hand side of the eqn. (1.2.2) diverge whereas the 
integral as a whole converges. Let us cut off the integral 
into two parts. Integral from V. = ^ to V = N and V= R 

to 'V = R is such that at ')>= R the amplitude shows Regge 

behavior. So we can then write eqn. (1.2.2) as, 

R n p.(t) V ^ ^ 

f [Im A(>), t) - £ -i- ^ ] dV 

0 ^ a,.>-1 


+ / 


(a,- (t)+l) 


/ , a.(t) 

2 = Pj^(t) 


R a .<-1 I (a.(t)+l) 
J J 


(1.2.4) 


Performing each integral we getj 


S(R) ^ 


R 


R 

/ Im A(’V, t) d\l 
0 


a. 


Pi(t) R 




a. 


>-1 i(a,. (t)+ 2 ) 


aj<-1 


P.(t) R 3 


*•3 

^(t) 

+ -g— 


(t)+2) 


( 1 . 2 . 5 ) 
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It is straight-formrd to derive higher moment sum rules, given 


by 


1 ^ r, 

S„ H' -T- . '- v / Im A(V, t) dV 


n 


0 


= 2 


PlCt) N 


ttn (t) 


1 ^'(l+ocQ^Ct) ( cCj^Ct) +n+i ) 


( 1 . 2 . 6 ) 


The advantage of EESR is that all the cal culRt ions are done at 

finite energies and the information is available both in the low 

energy region and high energy region to verify the sm rules. 

It is worth mentioning here that the left hand side of the 

eqn. (1.2.5) gets contribution from the low energy resonances 

whereas the right hand side of the equation contains the Regge 

parameters of the crossed channel, Ihe averaged effect of the 

direct .channel resonances reproduces the t~channel Regge p»ara- 

10 

meters. In fact this was verified by Dolen, Horn and Schmid 
for nH charge .'exchange scattering. They showed that the Regge 
formula can be extrapolated to much lower energy and the average 
effect of the nH resonances smooths out to the Regge behavior. 

One can use finite energy sum rules in several ways. 

(i) The Regge parameters, as obtained from the high energy data, 
can be used to determine the parameters of s-channel resonan- 
ces^ (ii) The RESR can be used as a bootstrap acheme^^"'^^. 

In this scheme we can use low energy resonance parameters as 
well as the Regge parameters of the crossed channel to check the 
consistency of the EESR equations^ (iii) To -use the direct 
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channel resonances to determine the Regge trajectories^*^"”^^. 

In particular when there is a single Regge pole exchanged in 
the t-channel we can detemine the trajectoi^ function and the 
residue by talcing different moments of PESR, The algebraic 
equation for different moments is used to determine the trajec- 
tory and residue functions in the following manner: 

^n* ^m ~ («Ct) + m + 1) : (a(t)+n+l) (1,2,7) 

In more complicated cases, when more than one Regge trajectories 
are exchanged in the crossed channel, a suitable combination of 
different invariant amplitudes can be used to determine trajec- 
tory functions and the residues using the RESR, 

imong the many uses of RESR, lAhat we wish to emphasize is 

the neat connection between the low energy resonances and the 

high energy behaviour. This forms the basis of the principle of 
1 7 i 

duality * \ If one assumes that the scattering amplitude can 
be represented by series of poles to a good approximation at low 
energies and this series has an asymptotic expansion given by, 

A(b, t).|s: p(t) . (1.2.8) 

then the scattering amplitude is completely determined by its 
meromorphic part in one invariant variable for fixed values of 
the other invariant variable. 

If we assume A(s, t) has poles on the real axis and the • 
amplitude is determined by the meromorphic part only then A(s, t) 
can be written as. 
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, , “ S-nC't) 

A(s, t) = 2 — — (1.2.9) 

n=1 n-a(s) 


Tlae residues are kromi polynomials, 

k=0 ^ 


( 1 . 2 . 10 ) 


which define the resonance content of the amplitude at the 
energy s^ such that a(s^) = n. The e<in. (1.2.9) is defined 
for values of t for which the series converges. Then the dual 
simplitude is completely determined as a function of two complex 
variables by its meromorphic part in one complex variable. 

The s<-s>t symmetry of the function allows us to write 


A(s, t) 


2 

n=1 


\(s) 

n-a(t) 


( 1 . 2 , 11 ) 


It should be possible to generate the poles in the t-channel 
from the a-symptotic expansion of Rjj(t) given the meromorphic 
part in the s-channel. The t-channel poles can be, generated 
from the controlled divergence of the infinite sum. In order 
that A(s, t) has a leading asymptotic term (Regge teim) we must 
require that the leading term in R^Ct) is also of the form, 

°° a(t)-k 

Rjt) ^ 2 baa(t)) n (1.2.12) 

^ k=0 ' 

for n equation (1,2.8) can be split into two parts 

a sum from u = 1 to n = n^^ and n = n^^ to n = <» with n^^ » 1. 
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Slow A(s, t) can be written as. 


A(s, t) = 


For jRe a(s) j < 
A(s, t) = 


where F(s, t) is 
that . 


2 2 -JE 

n=n_ k=0 n-a(s) 

ci 

+ an entire function in s and t (1.2.15) 

n^^ eqn. (1.2,15) can be written as, 

<x> oo CO X a(t)-k-r-1 

EES b^(a(t)) (a(s)) n 
n=n„ lc=0 =0 


+ ^(s, t) . (1,2.14) 

an entire function in s and t. Using the fact 


E 




Entire function in z 


and interchanging simmations in eqn. (1,2.14) we get. 


E 

r=0 


S 

lc=0 




= E 
n=0 


1 

n-a(t} 


( 


k=0 ^ 


(1-2.15) 


low it is easy to see that the asymptotic expansion of 
R^(t) has generated the t-channel poles in a domain where s is 
such that the sim converges. 

This fact can be seen from the dispersion theoretic point 
of view also. Consider the fixed t dispersion integral for 
A(ti^ , t) as written in eqn, (l,2,1). The t-channel poles which 
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are contained in , t) are generated by the divergence of 
the integral over the s-channel singularities. When we consider 
such an approach or the case mentioned above we are talking 
about s-t duality. But BESR. tells us that the information 
about Im A(V , t) for < N is enough to give us' the knowledge 
about t-channel singularities through the crossed channel Regge 
parameters. Therefore instead of considering duality between s 
and t channel we talk of duality between Regge and resonance. 

Under this assumption, the prescription of writing the 
amplitude as sum of the Regge part and the direct channel reso- 
nance part in the intermediate energy region involves double 
counting. This is because when one uses EESR the average of the 
resonances already gives Regge behavior. Therefore it is not 
at all necessary to include resonances separately. 

Though the connection between the Regge poles and the 
direct channel resonances and their dynamical contents is under- 
stood fairly well in the frame work of BE SR duality, the nature 
of the Pomeranchukon trajectoiy is not understood in a similar 
manner. The Pomeranchukon trajectory contributes in all elastic 
scattering processes and is primarily responsible for the diff- 
raction phenomena in 'high energy processes. At the same time 
no known resonance seems to lie on the Pomeranchukon trajectory 
and the slope of the trajectory is rather small. In order to 
treat the Pomeranchukon on the same footing as the other Regge 

4Q pQ 

trajectories Breund and Harari ^ conjectured that 
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Pome ran chiikon is dual to the mysterious background in the 
direct channel. In other words the background in the direct 
channel builds up the Pomeranchuk trajectory in the crossed 
channel. 

1»3 Construction of Pual Amplitudes ; 

¥e have mentioned earlier that in addition to analyticity, 
crossing and unitarity, if the scattering amplitude satisfies 
the principle of duality it might be possible to accomplish a 
scheme so that the spectrum of elementary particles and their 
coupling constants are determined uniquely. It is a well known 
experimental fact that the resonances lie on linearly rising 
trajectories and^ widths of these resonances are rather narrow, 
Therefore it is desirable to construct an amplitude which 
(a) has resonance poles in all required channels in the low 
energy region (b) is Regge behaved at asymptotic energies and 
(c) incorporates the principle of duality, in order to describe 
the strong interaction processes. Yeneziano constructed an 
amplitude for linearly rising Re gge trajectories, in the' narrow 
resonance approximation, which satisfies above mentioned proper- 
ties. Teneziano’s original model was applied to the process 
Tin nU , This process is easy to study because there is only 
one trajectory, namely the f -trajectory, exchanged in a 11 
channels and there is only one invariant amplitude for the 


process. 



13 


The -crossing symmetric Regge 'behaved amplitude for this 
process may be written as, 


A(s, t, u) 


_ 3 

% 


I 


Rl-a(s)) Rl-aCt)) 

r(2-a(s) - a(t)) 




(l-a(u)) I (1-a(t)) 

l(1-a(u)) Rl-aCs))' 

r (2-a(u)-a(t)) 

r(2-a(u)-a(s) ) 


( 1 . 5 . 1 ) 

where a(s) = aCO) + a's. 

It is easy to see that the amplitude has a pole in a 
given channel vtoeneyer the trajectory has a positive integer • 
value other than zero. It is also interesting to note that the 
residue of the pole, say at a(s) = n, is a polynomial in the 
other invariant variable t, as required by the principle of 
duality. 


In addition to the leading trajectory the amplitude has a 
large number of daughter trajectories. But some of these second- 
ary poles can be eliminated by adding nonleading terms to the 
leading amplitude. 

In the high energy limit we use Stirling’s approximation 
to obtain the asymptotic Regge behavior of the scattering ampli- 
tude. Consider the limit s -♦ (-■») and t fixed and small, then 
using Stirling’s approximation for the gamma functions we get, 

A(s, t) = ) (a(s))“W-1 (1.3.2) 

* (a(t)) sin IE a(t) 
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This expression has been obtained by retaining only the 
leading term of the assrmptotic expansion of the gamma fimctions. 

In spite of some of the nice featiires of the Yeneziano 
amplitude it also has some draw-backs. 

(i) The amplitude contains infinite number of daughter trajec- 
tories in addition to leading trajectories. Though in princi- 
ple one can remove some of the secondary poles by adding sate- 
llite terms, however, in practice it is not possible to follow 
this proceduire. Introduction of infinite number of secondary 
terms, to remove the daughters, calls for introduction of 
infinite number of parameters in the amplitude. This will make 
the whole program meaningless. 

(ii) The amplitude as given by eqn. (1.3.1) is real and contains 
poles only along the real axis. Therefore the amplitude ^ does 
not satisfy the requirements of unitarity. Strictly speaking 
the ramplitude is not defined on the .real aocis due to the 
presence of poles. Therefore the .Stirling’s formula is valid 

in a region off the real axis. But on the contrary the additib^ 

■' I ■ V 

of , an s(t) dependent imaginary part to a(s) (a(t)), above the 
threshold introduces ancestors in addition to daughters. 

The Teneziano model has been an useful tool for the 
study of strong interaction processes in spite of the short • 
comings that we have mentioned above. Iiovelace has demons- 
trated the use of Teneziano model in tti® scattering without 
using any secondary terms. OJhis investigation reproduced a 
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large nimiber of results of soft pion current algebra, like 
relation between the masses of p and 6 meson and their widths. 
This model also has been successfully applied to the decay 
processes like pn — Ti'^-n:~Tz~ and K— 3n and K° - 3%. In parti- 
cular the invariant mass distribution of pions and the balitz 
plot for the process pn v/ere in very good agreement 

with the experimental results. The Yeneziano model^^ was also 
applied to irK, KK and e 2 scattering by Kawarabayashi, 

Eitakado and Yabuki. Some of their results are in fairly good 
agreement with the predictions of current algebra, Lovelace 
has abstracted from these studies that the Veneziano formula 
without any secondary terms is equivalent to chiral symmetry 
for soft mesons without exotic resonances,- 

Apart from the variou^. applications mentioned earlier 
the Yeneziano model has been generalized to production processes. 

QA 

Bardakci and Ruegg ^ and Yirasoro'^^ have constructed amplitudes 
for the five point functions. The advantage of this formulation 
is that it contains low energy resonances in the appropriate 
channels and exhibits mult i-Regge behavior in the required asym- 
ptotic values of kinematic variables. The generalization of 
the Veneziano amplitude to H-point functions was immediately 
done by Chan Hong Mo and Goebel and Sakita^*^ after Bardakci 
and Ruegg gave their formula for the five point functions. A 
different approach to study the multi- Veneziano amplitude was 

no 

given by Koba and lielsen . In generalising the Veneziano 
amplitude these authors use the technique of projective 
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transformation. The elegant method of representing U-point 
function in a harmonic oscillator basis ms introduced by 
Susskind. Pubini and Veneziano^ used the operator forma- 
lism to study the factorization properties of the N-point 
amplitude. This method has led to extensive study of the 
various properties of dual amplitudes. 

In addition to the phenomenological applications to 
production processes the multi-Veneziano amplitude has been 
used to carry out the uniter izat ion program of the Yeneziano 
model. We have mentioned earlier that the four point amplitude 
does not satisfy unitarity condition. Therefore it has been 
proposed that the fotir point function can be considered as 
the Born term of the scattering amplitude and various higher 
order terms may be considered as the corrections v/hich will 
ultimately build up the unitarity in the amplitude.- Feynman 
rules have been developed to compute the loop contributions. 
However this unitarization procedure has faced several diffi- 
culties, There are divergence difficulties associated with the 
calculations ’f .dml loops. In addition to the type of diver- 
gences present in quantum electrodynamics there are divergences 
due to exponentially increasing density of states. Therefore' 
there have been efforts to carry out a renoxmalization procedure 
for dual models in order to remove these divergences. The diver- 
gences of the first kind like those of quantum electrodynamics 
are removable vdiereas the .divergences of the second kind due to 
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infinite density of particles are not remoTalDle . This program 
is not yet complete. 

It is well Imown from the experimental results that 
the 7/idths of the ohseirved resonances are rather narrow and 
the resonances lie on linearly rising Regge trajectories. The 
Veneziano model incorpoiates these features in a natural 
fashion. Therefore, it is reasonable to assume that the 
Veneziano model describes the strong interaction process to 
a good approximation. The narrowness of the resonances 
suggests that the corrections to Regge trajectories are rather 
small. In all our calculations we hawe introduced a small 
imaginary part to the trajectory function in obtaining the 
behavior of the scattering amplitude at large energies. This 
enables us to study the meson-baryon scattering processes in 
the medium high energy region. In the fourth chapter we 
study the possibility of imposing further constraints on the 
Yeneziano residue functions. It is assumed, in deriving 
these constraint ecLuations, that the Yeneziano amplitude 
satisfies the requirements of unitar ity in the narrow reso- 
nance approximation and the corrections due to the dual loops 
are, presumably, small. The connection of the Romeranchulion 
trajectopy with the non-planar dual loops will be discussed 
in the fourth chapter. 



CHAPTER II 


In this chapter we study pion-nucleon charge-exchange 
process and -production in pion nucleon scattering. These 
processes are relatively sojnple to study since a single Regge 
trajectory is exchanged (f -trajectory in case of -n:“p it^n 
and Ag in case of 7c“p -* n) in the t-channel. Moreover, the 
Pomeranchukon trajectory cannot . he exchanged in these pro- 
cesses. Therefore, the difficulty associated with the inclu- 
sion of Pomeranchukon trajectory in the four point Teneziano 
model can he avoided. The Veneziano amplitude contains reso- 
nance poles and it can reproduce the assraiptotic Regge behavior 
at high energies. Therefore, we feel that this model can he 
useful to describe the scattering phenomena in the intermediate 
and moderately high energies. 

It is a well known experimental fact that there exists 
nonzero polarization in the processes like Tc~p ->■ m^n and m'p 
at energies like 5.9 GeV and 11,2 GeV, A single Regge pole ex- 
change model gives a good description to the differential cross- 
section at these energies. However, the single Regge pole exchan- 
ge model will introduce identical phase in the spin ♦flip and spin- 
nonflip amplitude predicting a vanishing polarization at these 
energies, w&ich is quite contrary to the experimental evidence. 

The polarization phenomena calls for a modification of a single 
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Regge pole exchange model 'where the scattering amplitude con- 
tains a background term in addition to the Regge term. 

Several models have been proposed to explain both the 
polarization j and the differential cross-section for the charge- 
exchange process. All of them involve, as mentioned above , adding 
a background term to the p trajectory (in the case of tcR charge- 
exchange process) contribution and justifying such an addition. 

The addition of a secondary trajectory p* with the same quan- 
tum number as that of p trajectory, but with a different inter- 
cept, can introduce the required phase difference between the 
spin flip and spin-nonflip amplitude without changing the cross- 
section significantly, in alternative model-'^-^ requires a Regge 
cut - -sdiich prestimably is connected with the Gribov-Pomeranchuk 
phenomena - to provide the necessary background. A fairly success- 
ful model was to treat the polarization as arising from the 
•56 

interference between the Regge-trajectory contribution and 
the direct channel resonances, occuring on indefinitely rising 
baryon trajectories. It may be recalled that in this model the 
significant contributions were derived in the neighbourhood of 
resonance energy value, and that the Breit-Wigner tails of the 
resonances were not important. However, it has been pointed 
out earlier that the interference model involves double count- 
ing and hence it contradicts the hypothesis of duality. 

The Yeneziano representation of the scattering amplitude 
explicitly contains both the resonance poles corresponding to a 
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rising trajectory and the Regge a^nrptotic hehavior at high 
energies. Rat-urally we should expect that it automatically 
contains the necessary interference terms to give the appro- 

’z.n 

priate polarization"^ . In this chapter first we study tcN 
charge-exchange process and then -production in tcR scattering. 

2.2 Pion Rucleon Scattering in the Yeneziano Model : 

There has been several attempts^^^^ to construct 
Yeneziano like amplitude for pion nucleon scattering processes. 

The residue functions of the Yeneziano amplitude are required 
to he constants, independent of s, t and u, in order to preserve 
crossing ^rmmetry and reproduce high energy hehavior in a 11 
channels. One of the perennial problems of the Yeneziano model 
haryon scattering is that the haryons occur in parity doublets 
due to the Mcitowel symmetry. Moreover, as we shall see later, 
the Yeneziano amplitude cannot he determined uniquely. Some of 
the wrong parity haryon poles can he eliminated by adding satellite 
terns to the leading Yeneziano amplitudes thereby ' imposing certain 
constraints among the residue functions. The remaining residue 
functions can he determined either (i) by using information 
about low energy scattering data^^"'^"^ or (ii) by fitting the high 
energy data. However, in the ideal world a single residue func- 
tion should be able to describe the scattering process at all 
energies. 
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2.2.1 Kinematics and Notations: 


The Kinematics of the meson baryon scattering is as 


follows: 


s = 
t = 

u = 


- (P-j + q^)' 
“ (q-i - 12)' 

- (91 - Pj)' 


' (p2'^q2^ 


-(Pg-p-j)' 

-(p-|-q2)' 


and 


s + t + u = 


? r.2 

L m . 
i=1 ^ 


(2.2.1) 

( 2 . 2 . 2 ) 


where q^(p^) and q 2 (P 2 ) refer to foiar-momenta of the incoming 
and outgoing meson (haryon) respectiwely. As shown in Kig. 1, 
s and u are me son-haryon channels and t is a meson-meson channel. 


The T-matrix is defined hy 
S = 1 + i(25t)^ 6(P^ - P^) 


T 


where = 12 + P 2 ^i “ Pl’'’^1 


(2.2.3) 

(2.2.4) 


- 1 - 1 ' 

We write the T-matrix for the reaction 0 + 2 '^2 


in terms of the invariant amplitudes A and B: 

iY«(q-i+q2) ' 

1 = A + ^ B 


(2.2.5) 


The helicity nonflip and helicity flip amplitudes in the t-channel 
can he written as ' 




0 




2s+-t -2 m. 


( 2 . 2 . 6 ) 


and 




+- 




(2.2.7) 


where (m^) and m 2 (m^) are masses of incoming and outgoing 
haryons (mesons) respectively. 


M 


= (m.^ + mg) (2.2.8) 

= st (2 m^^ _ s - t) -t(m^^ - m^^)(m^^ — m^^) 

-s(m^^ - m2^)(m^^ - m^^) - (m^^mg^ - m^^m^^) 

2 „ „ 2 


X (m^ + mg . - m^ - m.^ ) 


We define . 


,^4.+ 


- (t - 


++ 


(2.2.9) 


(2.2.10) 


Then , 


G = + B 


dt 


647t s p^^(4M^-t) 


0 ®++!^ + 1 1 ,< 2 . 2 . 


dr _ ( t-z^) £2 1 

^ l6Ttfs ^1 ( 4 pltp 72 


Im (G^^ G^ ) (2.2 


++ +- 


and- 
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and Pg being the centre of mass momenta of the initial and 
final particles. P is the polarization.- 


The Yeneziano representation for the invariant amplitude 
can be written in the following manner: 


A^(s,t ,u) 


S f C^(m,n,p,B,M) 

1 ,n=1 ,p=1 ,B,M ^ 

r*’ f** 1 

l(m-oy;(t)) I (n- - ag(s)) 


m= 




T -1 ^ 

+ I) (m,n,p,B,M)(s - u) + Z 

m’ = 1 ,n’=1 ,p’=1 ,B,B'’ 

f(m'- ^ -OgCs)) ] Cn’- ^ -ag(u)) 


E^Cm»,n’,p‘,B,B') 


, , 

(p * — CXg(s) — I ) 


'B’ 


Similarly , 


B-‘-(s,t,u) 


oo 

s 


m: 


(2.2.13) 

j (m-(^(t)) I (n - - a^Cs)) 


=1 ,n=1 ,p=1 ,B,M I (p - - ocgCs)) 


B^CmjnjPjBjM) + G^(m,n,p,B,M) (s-u)^ 

H^(m*,n’,p',B,B') 


CO 

2 


in’=1 ,n'=1 ,p’=1 ,B’ ,B 

f(m* - ^ - a^Cs)) i (n’ - ^ - ctgCu)) 
fCP* - agCs) - aT,,(u)) 


^B' 


(2.2.14) 
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Here I denotes the appropriate iso spin index of the invariant 
amplitudes, and a-g represent the meson and haryon trajectories 
respectively, and B, B’, M and M* are various haryon and meson 
states v>hich are summed over. The coefficients C, B etc. are 
constants independent of s, t and u as required in the Veneziano 
model, Eurther constraints on the coefficients C, B, E etc. 
are imposed by requiring the amplitude to satisfy the following 
conditions. 


(i) Crossing properties 

(ii) Absence of exotic states in a given amplitude, e.g. 
mesons with quantum numbers B = 0, 1-2 and baryons with 
quantum numbers B = 1, S = 1, 

(iii) Absence of wrong isospin poles from a given amplitude 

which corresponds to a definite isospin in a particular channel. 
Eor Instance, absence of ^ pole in I = ^ (I = ^) 

s or u- channel amplitude. 

(iv) Appropriate signature factor for a given amplitude. 

(v) Appropriate Regge behavior in different channels, 

o^(b) 


A(s, t) 


large 




ag(u)- 


for fixed t 


for fixed u 


s large 

B(s, t) s “ for fixed t 

s -* large 


(2,2.15) 


a- 


s 

large 


■B 


(ta) - A 


for fixed u 


( 2 . 2 . 16 ) 
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Eq_ns. ( 2 , 2 , 13 ) and (2,2,14) contain infinite nuunber of 
parameters. Therefore use of such an amplitude to describe 
the scattering processes is useless. So, we have to 
truncate the series. We keep only leading terms of the series 
following Igi’s prescription. Eenster and Wali, in their 
model, have added some non-leading terms to the Teneziano 
amplitude in order to remove some of the low lying wrong parity 
baryon poles. Eirst we study the charge exchange scattering 
process in Igi*s_model and then in the model proposed by 
Eenster and Yfali. 


2,2.2 Igi*s Model: 


The invariant amplitudes^® are constructed by imposing 
the constraints mentioned in Sec, 2.2.1, In the t-channel 
and f trajectories are exchanged whereas ^ and 

trajectories are exchanged in the s and u - channels. We 
identify amplitudes with t-channel isospin = 0(1) by means 
of subscript of-f(P).: 


A^(s,t,u) = 


[c(l-a^(t) , I - ttw (s)) 


+G( 1 — cx£(t) f i ~~ Ujj (u))+C(p — {Xu ( s) 5 2 “ 

o a ■■ a a 

Pf ^ A _ 

+ - ^ ^ fc(l-a^(t), I - a^g(s)) 


+ ■ - ^ [p(l-a^(t), I - a^g(s)) 

+C(l-a^(t) - %^(u))+C(| - a^g(s) ,| - aa5(n))] 




2 " “N ' 


[p(l-a^(t), I - ajj- (s))+G(l-oc£(t); 
(u»+C(| - % (s) , I - % (u) )] (2, 2 . 17) 
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B^(s,t,u) - 1 - aj. (s)) _ B(l-a^(t), 1 _ ajj (u)) 

“ a 

+ piB(l-aj(t), 1 - a^g(s)) « 05 (u) )] 

+ 4[B(1-aj(t), i - (s)) - Bd-o^Ct),^ - a (u))] 

Y' ^ 

+ p[b(^ - a]y^(s),| - a^^^(u))~B(l - a^^(s),l (u))] 

<i|b (2 ajj^(s),-^ ~ (u))-B(~- - aj^ (u) 5 ^ 

(2,2.18) 

with p+q = 1 

(s,t,u) - — |^C(l-a^(t) - ojj (s)) - C(l-a (t) , | - a^' (u) ) 

a r _ cc 

+ P'CoCl-a^ (t), I - a^^(s)) - 0 ( 1 -aj^(t),| - a^^(u))3 

+ q'Co(l-a^ (t), I - (s)) _ c( 1 -a^(t),| - Og^Cu))] 

+ P [pC-j- - oijf^Cs), I - (^^(u))- 0(| - -<% (t*))] 

+ < 1 'LC(| - I . c(| - ccj,^(u),| -o^(a))]| 

(2.2.19) 

with p • + q » = ^ ^ 
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(s,t,u) 


P, 


and 


It 


|B(l-a^ (t) , ^ - ttjj (s)) 


a 


+ B(l-ap(t), ^ - ajj (u)) + B(-l - o^^j. (s),-| -a^ 

* a ‘a a 

l4 K 


y,4l5 _ 


rB(l-a„(t), ^ - a (s)) + B(l-a^ (t), 
^ - a (u)) + B(~ - a is), - a (u) )} 

n ^6 ^6 '^6 

Pp,l^ r 1 ' 


2 ~ %. 


^ ^ ^ ^ 2 ~ V*-'// ‘ 

(u)) + B(1 - (s), I - Ojj (u))J (2.2.20) 


B(X,Y) = 


Y •‘■ 1 Y" y 

c(x,y) = -BxLQH 

1 (X+Y) . I (X+Y-1) 


( 2 . 2 . 21 ) 


TBe invariant amplitudes at this stage satisfy crossing symmetry 
explicitly. It may he noticed that each of these amplitudes has 
the right (t, s) and (t,u) terms to give the appropriate Regge 
Behavior together with the right signature factors. Thus as 
s 


s 


tt p Y'('t ) 
i »-*- 


_ -iiia„ A-t) 
(1 + e ) 


Bj 3 ^ s (1 + e ) 


( 2 . 2 . 22 ) 

(2.2.23) 


We have implicitly assumed that as s tan TCa(s) -» i, which 

is easily incorporated in evaluating our gamma functions through 
Stirling's approximation. By this trick we have introduced a 
phase to the apparantly real scattering amplitude. It is worth- 
while to remark here that the nonleading terms in the above 
amplitude will carry the requisite phase difference hetiveen the 
spin flip and the non-spin flip amplitudes; together with this 
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we have real hackgrourd terras coming from (s, u) terms of the 
amplitudes. All these will produce a nonzero polarization. 

We may impose now the constraints due to iso spin crossing. 

Prom the t-channel amplitudes and A ^ we can obtain amplitudes 

1 

with s or u channel isospin I_ ,, = ■^ or through crossing. They 

S d. d. 

are for example 

A|y 2 Cs,t,u)' = -(A^ + 2A^) ^ (2.2.24) 

a|^2 - A^^ ^ (2.2.25) 

We must ensure that, say, in the = 1/2 amplitude there will 
he no pole term corresponding to the I = 5/2, trajectory and 
that there will he poles corresponding to and Ily, trajectories 
only. 


The absence of pole terms corresponding to the tra- 
jectory in eqn. (2.2.24) requires, 

a^(t) = ttp (t), 

Similar conditions can he obtained from the other invariant 
amplitude B and the I_ = 5/2 amplitudes. We may collect all 
the conditions implied by isospin' constraints as follows- 


a^(t) = 

OC p ("b ) 





(2.2.26) 

Ujj (s) = 
a 

= 


(s) 

J 


(2.2.27) 

®f j Ag 

- 2p;^ » 



I 

■ "2 ^ 

Pf 

k. 

/ 

= 

» ?p 


= Pf 




= 


^Pi 


(1-p) 


(2.2.28) 
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Eqn. (2,2.26) is the familiar exchange degeneracy conditions 
for mesons and the Chew-Frautschi plot for mesons seems to 
support it. The eqn. (2.2.28) is the set of conditions used 
by Igi. The degeneracy implied by eqn. (2.2.27) is a conse- 
quence of isospin crossing relation. It is, however, true 
tha.t the baryon trajectories do not appear exchange degenerate 
and this condition is only approximately satisfied. Ho?/ever, 
even when the trajectories are not degenerate, the fact that 
their slopes are equal together with eqns. (2,2.26) and (2,2.28) 
would imply the absence of unwanted poles^from the leading 
trajectory. It is the daughters that will cause trouble and 
will have their poles appearing simultaneously in I = l/2 as w 
well as the 1 = '5/2 amplitudes. ¥e have chosen two alternatives. 
First, we have kept the eqns. (2,2,26) - (2.2.28) intact and 
have assumed an average trajectory for baryons. We then hope, 
at least, to derive some qualitative features implied by Igi*s 
model. IText we have considered a more realistic set of baryon 
trajectories (however, with the same slope ), ignoring the presence 
of unwanted poles in the baryon channels at the daughter level. 

In both these alternatives we have assumed, after Igi, a univer- 
sal slope for the trajectories. Thus, 

slope = a’ = .86 GeT"^ (2.2.29) 

ajD(O) = a^Co) = .5 (2.2.30) 

This leaves us with four parameters ^ p and p’ , in terms 

of v/hich the amplitudes will be completely specified. 
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A more convenient set of amplitudes that were defined 
by Singh‘S® is given by 


+t/ 

l*(s, t) = A(s, t) + ( 7^ ) BCsjt) ^ ( 2 . 2 . 31 ) 

1-t/4Mj 

where pion laboratory energy 0^ is given by 

G3 = (s - m/ - m2)/2Mjj . (2.2.32) 


The charge-exchange (CIX) amplitude can be vffitten in 
terms of the corresponding t-channel isospin amplitudes. 


^CEX = . (2.2.33) 

^GEX ~ -• (2.2.34) 

The imaginary parts of the and in the forward direction 
are related to the difference between 'n:~p and ic'^p total cross- 
section. Following Igi, we use them as inputs. 


Im A*p 

(s, t 

= 0) 

Im B _p 

(s,tt 

= 0) 

These yield. 




2.14 s^/^ mb 
43.7 mb GeV 


e^, = 20.16 mb GeV (2.2.35) 

I 

and 

(2 - I p) = 71.80 mb (2.2.36) 

Case I: then the baryon trajectories are degenerate, no further 
parameters need be detemined. For baryon trajectories we use 

(Xg^^(o) = — 0.256. 
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Case 11(a): We need all tlie foxir parameters. The remaining 
parameters can be determined hy using information on backward 
scattering data. The set of parameters as determined by Igi 
are , 

Pp = 20.16 mb GeV = 25.7 mb P = -0.526 

p' = .852 (0) =-0.256 a (O) =0.18 

a ^6 

(0) = -0.55 (2.2.37) 

Case Il(b): In alternative procedure to determine the parameters 
p,p’ and is to use the information on the residues of the 
f-Regge pole parameters derived from finite energy sum rules 
¥e use follovang results for this purpose: 


Iml’^ (s,t =0) = 14.6 mb j 

ImB. (s,t = 0) = 54.1 mb GeV 

1 j 

Using eqns. (2^2.38) and (2.2.39) together with eqn. 
we get the parameters as., 


( 2 . 2 . 38 ) 

(2.2.39) 

(2.2.36), 


p£ = 44.5 mb , p = 0.226 and p’ = .22 

2.3 Eenster and Wali Model: 


( 2 . 2 . 40 ) 


¥e have mentioned earlier since the baryon trajectories 

appear as linear functions of s rather than that of ¥(='fs), 

baryon parity doublets are unavoidable. However, by using 

more subsidiary Yens ziano terms, it is possible to eliminate, 

first few baryon poles of wrong parity on each trajectory, by 

45 ^ 

a judicious choice of the coefficients, Eenster and Wali 



have used this idea to write the Venesiano amplitude for -rclT 
scattering. 

^ b/( 1 l) + p- B+ (l,l)+p- Cj (|, 2) 

+43" vh i) + i) (i^ 1) 

^2’“i^ ■ (2*5.1) 

4^ ^ ” /^1 % f*2 

+ A‘4 (i»2)+/^ 5 2^ 

'^'^2 ^2’2^''’^3 2^ (2.3.2) 

^ B ~ P-j B]j (^»”^)'*'P2 (^> 1 ) + P^^Cljj- (-^5 2) 

(^»2) + p^ Bjj- (■^,2) + ^^ B^ (^j, 2) 

B^a ^42*^^^ ^2’ 2^ ^^3^Bu^(-J, |) 

■^^4 % ^1’2^ ■‘' ^5 B^]j (■J> 2^ • (2.3.3) 

^ =>1 V (|^r) - 

(|,1) + 0+ (|,|)+ ’2^+ ^3^ 
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Following tbe notations of Fenster and Wall we define the 
various B and C functions that occur in the amplitude as: 




m 


Oj^Cs)) 1 (n - a(t) ) 


m + n - a^(s) - a(t)) 


+ 


m - a^(u))r(n - a(t)) 
ni m + n - aj(u) - a(t)) 


( 2 . 3 . 5 ) 







_ \ (-i m - a^-Cs)) 1 - ajiu)) 

1 (| + I - a 2 -(s) - ay(u)) 

_j_ 1 (^ ~ ot-^ (u) ) n — oSy ( s) ) 

R| + § - a^Cu) - ay(s)) 

1 (-^ m - oty(s)) 1 m - tty-Cu)) 



ay(s) ) 


( 2 . 5 . 6 ) 


( 2 . 3 . 7 ) 


Here X and Y denote the fermion trajectories H and A , In this 
model and are talcen~ira he degenerate. Ihe 0 functions, 
where, 

G(x, y) = 

[(X+Y-1) 

are defined in a similar fashion. The t-channel trajectories 
are taken to be degenerate as in Igi’s case. 
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The amplitude reproduces low energy data well upto 1.6 G-eV. 
All parity doublets in this region are eliminated and the resonance 
parameters for ^1236) ancl^H.^ (1518) are reproduced. The various 
parameters that occur in the scattering amplitude are determined 
by using the normalization at t = 0 of the amplitudes and the 
shape, for very small negative t, of the differential cross-section 
for charge exchange scattering data. 

The predictions for polarization in the model of Igi are 
shown in Figs. 2 and 3. The results predicted by using FESR 
information as input in Igi’s model and the Fenster and Wall’s 
model are shown in Figs. 4 and 5 respectively. The predictions 
for the differential cross-section are shown^*^ in Figs. 6 and 7« 

It is worth mentioning here that the Igi’s model predicts 
polarization which, is in qualitative agreement with the experi- 
mental results, in the small -t < .3 GeV^ region. Recent data^ 
for polarization at higher momentum transfer values has a ten- 
dency to rise as shown in the Figs. 8 and 9. "The .'.'polarization 

2 

changes sign beyond -t ,6 GeT . All these features of the 
polarization data are qualitatively reproduced in Igi’s model. 
However, the polarization, in calculation, shows violent 
oscillations near the value of t where a(t) -♦ 0. The model shows 
that polarization goes to zero as a(t) 0 and has a Lorentzian 
form in this neighborhood. It is not clear Aether experimental 
data will support such detailed features. However, the available 
information is not inconsistent with such behavior. Thus we may 




Fig. 2 
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Fig. 4 
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conclude that the Yeneziano model is able to produce a non-zero 
polarization which agrees q-ualitatively with the experimental 
data. Moreover, the shape of the differential cross-section can 
he reproduced fairly well in the low momenttim transfer region 
using Igi's set of parameters. In case of I'enster and Wali's 
model though there is a better agreement with the experimental 
data for the differential cross-section, the polarization, as 
predicted, seems to have sign opposite to that of the experimental 
results. 


2.4 ^ Production in nN Scattering ; 

52 

In this section we study production in wl' scattering. 
This process is simpler to study, since from G parity considera- 
tions A 2 is the only trajectory that can be exchanged in the 
t- channel. In the s and u- channel only baryon trajectory with 
1=1/2 can be exchanged. 


The invariant amplitude can be written as , 

A(s,t ,u) • = 8^^ [p(1-aj^^(t) , I' - Ojj (s))+C(l-aj^^(t) , ^ - 

+ G('^ — ttjj (s), (u)^+^ ^(l— (t) , 

(X CC 3 . ^ 

+ G(l-a^ (t), I - 0^ (u))-c(| - ttjj (s), I - 

'2' If'*''. ■ V 


a 

% 


(u)) 

^(S)) 

(u))] 

Y -5- 


(2.4,1) 
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B(s,t,u) = ? ~ (s))-B(l-a^ ('t) » j - Ojg (u)) 

2 2 a 2 a 


+ 


B(^ ~ (s), 1- % (u)] + [B(l-a^ (t) , 

a a 2^ 2 


2 " %. 


-B(-i - (s ) , I 


(s)) - B(1 




'N 


t 


(u), l-a,* (t)) 


ai 


•R 




(u))] 


( 2 . 4 . 2 ) 


The B and C functions have the same meaning as defined in 
Section 2.2.1. 


After writing down the invariant amplitudes A and B 
we use Stirling approximation for B and C functions that appear 
in invariant amplitudes A and B. ¥e 'see that the amplitudes 
have appropriate signature factors corresponding to A 2 pole. 

The set of parameters which give a fit to the differential 
cross-sections for pion laboratory energy 5-9 G-eV, 9.8 GeY and 
15«3 GeY is the following: 

p] = -5.76 Geir”^ . 

2 

^ -5.60 GeY”'* 

2 

p? = -6.82 GeY“^ 

^2 

4 ^ = - 15.02 GeY” 2 _ ( 2 . 4 . 5 ) 

Ojj (s) = - 0.256 + .3s . 

';a/ : 

05^ (s) - - 0.550 + ,9s . 

a. (t) = ’ 0.5 + .9 t . 


( 2 . 4 . 4 ) 
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The trajectories gi-ver in eqn. (2-4.4) were used as 
inputs. The fits to the differential cross-sections are 
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shown in Figs. 10 and 11. The prediction for polarization 
is shown in Fig. 12. 

In the case of production we have obtained a good fit 
to the experimental data for a differential cross-section ?;hich 
is characterized by a chi-square value of 8.5 against an expected 
10. The polarization data is scanty. Since there are large 
errors in the polarization measurements we have made no attempt 
to include them in our fits. Our prediction for polarization 
is of the same order of magnitude as the experimental data but 
has opposite sign. 






P(5,t) 



Fig. 12 



CHAPTER III 


We study the charge-exchange and hsrper charge -exchange 
processes in kaon nucleon scattering in the first part of this 
chapter. The second part deals with the study of the charged 
pion photoproduction in the Veneziano model. In the preceeding 
chapter we have seen that the Yeneziano model can he used as 
a good device to study the scattering phenomena in the modera- 
tely high energy region. We use the same framework to study 
the above mentioned process, which are also free from problems 
connected with Pomeranchukon. There have been several 
attempts^ ^ to construct Yeneziano like representations for 
the KN and O scattering. The central philosophy behind all 
these works is to add a few satellite terms to eliminate a few 
wrong parity poles in the low energy region and at the same 
time obtain a description for the high energy scattering 
processes. 

Most of the earlier attempts were to describe processes 

where the Pomeranchukon trajectory cannot be exchanged. However 

th4re have been some attempts to describe elastic KH and Tm 

60 

scattering processes. Berger and Eox have studied the El and 
Sr scattering problem in the frame work of the Yeneziano model 
extensively. They have obtained fits to the charge-exchange 
data in ll and H scattering in addition to the elastic , 
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scattering data. The inain problem, in describing elastic 
scattering process, arises due to the presence of the Pomeran- 
chukon trajectory. These authors put the Pomeranchukon trajec- 
tory from out side in the dml amplitude. A more successful 
attempt has been done by Pesai and Kumar to describe the 
elastic scattering processes in KK and scattering. They 
use the fact that the Pomeranchukon trajectory is rather 
flat and it cannot be dual to any normal trajectory. Using 
Preund-Harari duality, in addition to the nomal trajectories, 
they introduce a few baryon trajectories with exotic quantum 
numbers. These exotic trajectories are taken to be dual to 
the, 'Pomeranchukon trajectory. The fit obtained to the elastic 
forward and backward scattering data by these authors is quite 
good. However, the existence of baryon trajectories with exotic 
qmntum numbers is rather doubtful. In the processes considered 
here the Pomeranchukon plays a minor role and indeed can be 
completely ignored if exchange degeneracy is exact. We have 
accordingly not considered the complications arising out of 
the inclusion of the Pomeranchukon trajectory. 

3.2,1 Charge -Exchange Processes in KM Scattering ; 


We construct the Peneziano representation for EH 
scattering processes in this section. The s-channel gets con- 
tribution from Y = 0 and I = 0 and 1 baryon trajectories 
whereas the t- channel gets contribution from 1=0 and I = 1 


meson trajectories f and respectively, Ife KAP^PIJR- 

OBNTRAt Lh’i'fARy 
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exchange degeneracy of the meson trajectories to v/rite 


aa(t) = (t) and a^C^) = a^^Ct). 


The invariant amplitudes A and B can he written corres- 
ponding to definite isospin in the t-channel. The invariant 
amplitudes corresponding to I = 0(1) are denoted hy the sub- 
script ^ (f). 

A^(s,t,u) = [c(l-a^(t), I - tty (s)) + C(l-a^(t), 

"2 ~ y 1 ("t ) > ^ ~ cXy (s)) 

+ C(l-ay(t), I - ay^(u))J (3.2.1) 

By(s,t,u) = y (B(l-ay(t), i - 05y (s)) - B(l-ay(t), 

’0 ,0 

^ — tty (u) )J + ^f Y |®('^“ay(t), •£ ~ tty (s)) 

- B(l-tty(t), 1 - tty^Cu))] 

= p^^y {c(l-tt^(t) , I - tty (s)) - c(l-a^(t) , 

~ tty (u) y |^("^~^('^) ? ^2 ” 


(3.2.2) 


A^(s,t,u) 


C(l-tt (t), I 


p' ' ' 2 “ 


(3.2.3) 


B (s,t,u) = £ y fBd-ttJt) , 4 - tty (s)) + B(l-a. 

f f ’ o ^ f f 


-a^(t) 


1 

2 - tty 


(u)^ 






(B(l-ap(t) , j - “y 4 s)) 


+ B( l-a^(t) , ^ - ay^(u))J 


(3.2.4) 
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Eqns. ( 3 . 2 . 1 ) to (5.2.4) satisfy the required, crossing 
properties at this stage. Further constraints on the residue 
functions can he imposed hy constructing amplitudes correspond- 
ing to definite iso spin in the s-channel and demanding absence 
of I = 0 (I = 1 ) haryon poles from s-channel amplitudes with 
iso spin 1 ( 0 ). As a consequence of above requirement we get. 


a£(t) = 

a^(t) 

P] Y 

j5,Ii 



( 3 . 3 . 5 ) 


. 3pIy = 

j ’^1 

~ 4,y^ 



4 Y 

2 

0,11(3. ^ ^ = 

r^o 

r2 

(3.2.6) 


Moreover, in order to eliminate wrong isospin leading 
baryon poles 7fe need slopes of all trajectories to be the same 
and use following set of trajectories. 

CCy (s) = -O .65 + .9s 

■^0 

Oy (s) = 0.30 + .9s . ( 3 . 2 . 7 ) 

3 . 2.2 Hypercharge-Exchange Processes : 

In this section we study two hyper charge exchange 
62,63 

processes ’ 

(i) in - %z 

(ii) %~/\ 

We consider various meson and baryon trajectories 
that can be exchanged in different channels for the process (i). 
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Eqns. (5.2.1) to ( 3 . 2 . 4 ) satisfy the required crossing 
properties at this stage. Further constraints on the residue 
functions can he imposed hy constructing amplitudes correspond- 
ing to definite iso spin in the s-channel and demanding absence 
of I = 0 (I = 1) baryon poles from s-channel amplitudes with 
isospin 1(0). As a consequence of above requirement we get^ 


a£(t) = 

ayt) 

pI y 
f 



(3.3.5) 

Pf.Y, = 

> = 
i J 

) ‘ 

- 


H 

0 

11 

0 

CO. 

and y 

; ’^0 

^f,Y„ ■ 

( 3 . ' 2 . 6 ) 


Moreover, in order to eliminate wrong isospin leading 
baryon poles we need slopes of all trajectories to be the same 
and use following set of trajectories. 

CXy ~ -O.65 + . 9 s 

^0 

cv (s) = 0.30 + . 9 s (3.2,7) 

3 . 2.2 Hyper Charge-Exchange Pro ce sses ; 

In this section we study two hypercharge exchange 
62,63 

processes ' 

(i) Em - Tts 
(ii) Km - %~/\ 

We consider various meson and baryon trajectories 
that can be exchanged in different channels for the process (i) 
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a) In the s-channel, hai^on trajectories having quantum 
number S = -1 and 1=0 and 1 are exchanged. We retain 

A (octet) and I* (SU(5) singlet) in the 1=0 channel and 
S (octet) and Y* (decimet) trajectories in the 1=1 channel. 

b) Meson trajectories having quantum numbers I = l/2, 3/2 
and S = -1 are exchanged in the t-channel. However, there is 
very little experimental evidence about existence of I = 3/2 
S = _1 meson trajectory. Therefore we retain only I = 1/2 

- y, y - 

trajectory corresponding to K and K . We take them to be the 
same using the exchange degeneracy for meson trajectories. 

c) u-channel gets contributions from H , JL and 

a \ o 

trajectories. 


The invariant amplitudes written below, correspond to 
definite isospin in the s-channel. 

I =0 nr 

A ® (s,t,u) = K [c(l-a *(t), 4 - a *(s)) - C(l-a *(t), 

‘ K ^ Yq K 

2 ”” ^ "" ^^*2 ” ^ ’ "2 ~ Xj 

a Yq a 

+ [c(l-a *(t), I - a^(s)) - C(l-a *(t), 

K K 

2 ^“ ^^2 “ ^ 2 “ 

+ |3^ [c(l-a*(t). a^(s)) - 0(l-a ^(t), 

^ - a. (u)) + Q{i - a (s), i - a (u))1 

2 2 A 2 Ag 

( 5 . 2 . 8 ) 



55 


I , '=1 , 

A = (s,t,u) = p] [0(l-a Jt) , i - <x jB)}-C(1-a *(t) , 

^ ~ ~ - a #(s) 5 2 ~ 

® a ' 

+ 4 I - -C(l-a^*(t), 

2 " Ofj^Cu)) - G(| - ttj (s), I - %^u))] 

+ [C(l-a^*(t) , "I - a^Cs)) - C(l-a^*(t)5 

I - a^^(u)) + C(| - a^Cs), I - a^^(u)0 

(5.2.9) 

I =0 

B (s,t,u) = y° [B(i-a^Jt), 1- o^Js)), B(l-a ^(t), 

I - (u)) + B(i - a ,( 3 ), 1 - (u))] 

^ (X 

+'Y 2 [?(^“ 0 :_ ^.(■fc) » ■^ - (s)) + B(l-a *(t) , 

1 - ajj^(u)) - B(1 - (s), 1 - (u))] 

+Y 3 [Bd-a ,(t), 1 - a (s)) + B(l-a »(-t), 

K ^ E 

? - - “a i . 

(3.2.10) 


/ 
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I =1 " ' 

B ® (s,1;,u) = -t] [B(l-a *(t) , 1 - a *(s)) + B(l-a *(t) , 

' K ^ K 

'n ~ OCjj C^)) + BC"^ *" ff s) 5 ^ ~ 

a a 

+ [B(l-a*(t) 1- a^^Cs)) +B(l-a*(t), 

K K 

"2 ~ - oc^is)s ^ 

0 . * 

+Y^ 3 - «7Cs)) + B(l-a ^(t), 

^ K £ 

2 ~ °A ^ - a^Cs), "I - a (^i))l 

A g Ag 

( 3 . 2 . 11 ) 

As emphasized earlier, the Yeneziano representation for 
the scattering amplitude as -written in eqn. (3.2.8) toC3.2.1l) 
are not unique. One can write down many more terms with the same 
asymptotic heha-vior. Howe-ver our effort is to describe the 
scattering processes with a relatively small number of parameters. 
Therefore j we choose this representation. Bow we can impose the 
constraints due to isospin crossing in order to obtain relations 
among the parameters to eliminate wrong iso spin baryon poles 


in the u- channel. 


Ihe 

relations aire, 



' 1 „o 

= - F ^ ■ 

( 3 . 2 . 12 ) 

Cl) p] 

= (2/3)''/^ P° , (il) P 2 = (2/3)''^^ Pg 

(3.2.13) 


11 

1 

0 

(3.2.14) 
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(1) = (2/3)^/2-j° , (il) Ys = (2/3)''^^'>'2 ■ (3-2-15) 

Tbe amplitude for K“3a -* 'ic~A is assumed to couple only 


with Y* 

A(s,t ,u) 

trajectory in s-channel, 

= >■' rc(l-a ^(t) , 1 - 

a *(s)) - 

C(l-a*(t), 


K ^ 

Y 

^1 

K 


"2 ~ ) ~ G('2 ~ 

a *(s) ,5 

— ccjj (n))^ . (3.2.16) 


■“ a 

^1 

■ ' a ' 

B(s,t ,u) 

= [B(l-a *(t) , -1 - 

a *(s)) + 

B(l-a *(s) , 


K ^ 

^^1 

K 


i i 

— — ^ 12) ) + B — 

a 

a *(s) > 

Y - 

- (^))] . (3.2.17) 

a 


The fits to the differential cross-sections of the 

SA- — mmQ 

process K p -* K n are shown in Fig. 13. The fit is charac- 
terized by a chi-square "value of 21.3 against an expected 20. 
The process K'*’n — K‘^p can be related to K”p - Z^n through s-u 
crossing. The s — u crossing together with P - Ag exchange 
degeneracy ^ predict that the cross-sections for K“p ->• E°n 
and K'^n - K°p at a given energy will be same. We have obtained 
the cross-section for the process lO^n -»■ K°p, as shown in Fig. 14 
at kaon laboratory energy corresponding to 12 G-eV. It is 
interesting to note here that the predicted cross-section is 
in good agreement with the experimental results, except the 
broad shoulder^ at t = -0.3 to -0.5 GeY^ which cannot be 
reproduced from our model. We also predict the polarization 

Q ■ ■ ' ^ , 

for K“p -*■ K n as shown in Fig. 15. Though there is as yet % 
no published result for polarization in K“II charge exchange 
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Fig. 15 
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scattering, there is indication that the polarization in this 
process has the same trend as predicted by oxir model. 

The parameters that are used to obtain the fits to the 
differential cross-section are the following: 

ply = -13.52 Geir'’ , = -19.28 Gel/-"^ 

Pot = 5.76 Ge¥"^ and p^„ = -68.96 &eT“^ . 

r ’ o T’^l 

(3.2.18) 

68 

. Jits to the differential cross-section for K“p - 
— — 69 

and K n -*• 71 /\ are shown in TigJ. 16 and 17 respect d've ly. The 

chi-square for the two processes are 12 and 19 respecti’vely 

against expected values of 7 and 11. The available polarization 
69 - - 

data for K n -* %A ^as been compared with our predictions 
(See Sig. 18). Sin view of large errors involved in polariza- 
tion meastirements we have not made any attempt to obtain a 
simultaneous fit to the polarization and cross-section data. 
However, ^our predictions for polarization are in qualitative 
agreement with the experimental results. A more interesting 
feature is observed in - tiS scattering process. This process 

can be related to the reaction xN KE through s - u crossing. 

70 

We observe our predictions for the polarization in the reaction 
Tt^p -* are consistent with the experimental data in the low 

momentum transfer region (Sec. Sig. 19). (~t < .4 GeY ). The 
polarization for it'^p - K'^E'*' is calculated by using the same set 
of parameters that give fit to the differential cross-section 
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for "the process iT’p -► We mention here that when 

attempts were made to predict the differential cross-sections 
for the process m'^p ^ with the same set of parameters 

the results were not in good agreement with the experimental 
data. One of the explanations given for this result is that 
the exchange degeneracy of K and E trajectories might not 
he true. Such arguments have been presented earlier from the 
Regge pole theoiy. In fact, Lie and louice'^'^ have studied this 
problem extensively for the charge-exchange and hypercharge 
exchange-processes. IThey have concluded that though p -A^ ex- 
change degeneracy is fairly good, E -K exchange degeneracy 
might be broken. The possibility of non exchange degeneracy 
of E -K was concluded by these authors' from the study of 
hyper charge-exchange processes like -* %/■ , -n:“p EA , 

■n:'''p -* E'^Z’'’ and K”p -* Ti~'Z'^ » However, the Chew-Erautschi plot 
for mesons indicates that E and E are exchange degenerate. 
Recently there has been an attempt to explain the difference 

JL '-L 

between the differential cross-sections for E”n-*n A and -jc n-»E /\ , 

72 

in a Regge pole and Regge cut model . In this work the 
E - E exchange degeneracy is kept in tact. One needs • 
additional exchange degenerate daughters E’-E' trajectories 
in addition to the Regge cuts to explain the data satisfac-^^^^^^^^^ 
torily . In our model though the exchange degenerate E - E 
do not give a good fit to the process -• E'^E’^, the discre- 
pancy is not too much. This, we feel, is because there are 
already daughters of E and E contained in our model. However, 
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one cannot expect to describe all the finer aspects of the 
data in a simple model like ours. 

The set of parameters that were used to 
to the EU -jtS and EIM -» tia are the following. 

(i) = 1938.8 GeV~^ ^ p® = -1544.1 GelT 

^ =-63.11 Geir'‘ . 

(ii) “X 1 = 2118.5 Geir^ ,^*1^2 = 1442.7 GeV"^ 

= 59.32 GeV"^ 

(iii) pQ = 0.2 GeV'' . p^ = -26.24 GeV"^ 

¥e take''ay*(s) = a (s) and av*(s) = 

^o 1 

5*3 Pion Conspiracy in Charged Pion Photo-Production ; 

The sharp forward peak in the charged pion photo- 
production has been explained by the help of conspiracy 

73 

between pion and its partner of opposite parity. According 
to conspiracy condition several Regge poles coincide at a par- 
ticular value of the momentum transfer and thereby produce a 
perfectly regular behavior of the amplitude at that point, 
although various conspiring poles - when taken separately - 
are singular. The finite energy sum rules also support the 
fact that there is conspiracy in charged pion photo produc. 
tion”^^. We attempt here to construct a Veneziano representation 


obtain fits 

and 

(3.2.19) 

( 3 . 2 . 20 ) 
( 3 . 2 . 21 ) 

cc^ ( s ) . 
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for charged pion photo-production and obtain a fit to the 
differential cross-section. It is indeed knovm that a 
Yens ziano model with conspirator trajectories would explain 
the differential cross-section of the reaction, f/hat we 
wish to see here is whether such a model has correct phase 
factors between various amplitudes in the medium high-energy 
region. Just as the polarization in the charge and hyper- 
charge exchange processes gave information about the phase 
factors, in photo production there is an a^mmetry parameter 
vdiich plays a similar role. We have evaluated the asymmetry 
parameter and find that it does not correspond with the present 
experimental numbers. 

3 . 3 • 1 Kinematics and Invariant .Amplitudes : 

The invariant amplitudes for the pion photo production 
can be written as follows”^^*'^^ 




(3.3.1) 

where 

A^'s are scalar functions of s, t and u. The 

gauge inva- 

riant 

functions Mx are given by, 



= i ^5 T.e Y .K 

(3.3.2) 


Mg = 2 i^ 5 (P.eQ.K’ - P.KQ.e) ^ 

(3.3.3) 


Y.eQ.K - 'if.KQ.e) ^ 

(3.3.4) 


xep.K -X.KP.e - i MjjV.e %k) 

y (3.3.5) 
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i 

where P = -^(p^ + P2) » P-j p 2 being four momenta of the 

' ' ' ' ' ' ■ 

initial and final nucleon respectively. K and Q are the 

:> 

four momenta of the pion and the photon respectively and 6 
is the photon polarization vector. The isotopic spin matrices 
have the following form. 



' ^P 3 

(3.3.6) 

gp 

= ^ p» "• 3 1 .. 

(3.3.7) 

g° 


(3.3.8) 


In order to study the charged pion 'ifp -* Tc’^n photo- 
production we consider t-channel helicity amplitudes'^^ 
as defined below; 

= K,(t) E^(t) =— , C3.3.9) 

t-m_ 

Tt 

1/2 

P2(s,t) = K2(t) (fl,. - K2(t) = ( ^-) ^( 5 . 3 . to) 

P^(s,t) = E|^(t) [fQ.j_^_ + ^ ^ (3.3*11) 

u ’“in 

71: 


r4(s,t) 




ft 

tto1+- 


- fj 

o 


1 -J 


K^Ct) 


1 

(t-m^2)(t-41%^) 

(3.3.12) 


Here 0, 1 represent the helicities of the pion and the photon 
and +(-) denote the two helicities of the Htiucle on and anti- 
nucleon. P^*s as defined in e<ins. (3.3.9) to (3.3.12) are free 
of kinematical singularities. The amplitudes P.j and receive 
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contributions from normal parity trajectories such as ^ and 
12* Ihe pion contributes only to Pg* trajectory 

contributes to The invariant amplitudes, A^’s defined 

above, are related to P^’s in the following manner. 


= -(tP^ + 2Mj,F3)/(t-4M2) 

= ^ — ^ 

t-4Mjj^ t(t-m^^) t(t-4Mjj^) 

. 

(t-4M/) 


(3.5.13) 


(3.3.14) 


(3.3.15) 

(3.3.16) 


In order that the amplitudes A^ be regular at t = 0 and 
t = 4Mjj , the must be related at these points. The pion 

pole in the invariant amplitude is a consequence of gauge inva- 
riance. The amplitude A2, at t = 4Mj(j.^, will be regular if the 
condition 2MjjT^ (4Mjj^) + T^(4Mjj^) = 0 is satisfied which is 
a threshold condition. However, the condition at t = 0 is more 
interesting. We get the condition, 

m ^ 

‘2^°^ = - ^ ^3(0) (3.5.17) 


Since T2 ^3 -deceive contributions from different trajectories, 
if only a single trajectory contributes then we are forced to 
conclude that T2(*^) = 1*3(0) = 0. This will imply that at high 
energies the cross-section will vanish at t = 0. But the exis- 
tence of a sharp forward peak cannot be explained through 


I 
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this mechanism if the residue fuactions are assumed to have a 
smooth t-hehavior. 

In order to satisfy eqn. (3.3.17) without forcing both 
the sides to vanish, one needs to postulate conspiring trajec- 
tories. Ihe sharp forward peak suggests a pion exchange, so a 
conspiring pion is required. The pion tmjectory contributes 
in the following manner at high energies. 

a_(t)-1 

5'2(s,t) p^(t) a^(t) ^^(t) (s/Sq) ^ ^ (3.3.18) 

-iTCaj^(t) 

where . §= — (3.3.19) 

sin •n:a^(t) 

2 

and So is the usual scale factor taken to be 1 G-eY , 

A Regge pole contributing to 1^. has the fom 

. a (t)-1 

I' 5 (s,t) = p^(t) a^(t) |^(t) (s/s^) ^ (3.3.20) 

Ihen in order to satisfy eqn. (3.3.17) for all s we need 
P^(0) = - (m^V2Mjj) Pq( 0) and a^(0) = \(0)* means pion 

and its conspirator must be degenerate at t = 0. Moreover, the 
conspirator must have opposite parity to the pion, but all 
other quantum numbers the same. 

¥fe now proceed to write a Yeneziano representation for 

4- 77 

the process ^jp - it n. We take and to be degenerate 

and write the amplitude as follows: 
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5"^ ( s yi: jij.) 


F^(s,t,u) 


^1 + SC'J - a.(-t:), 

) y 

1 - ajj(u)) + B(i - aj,(s), -1 - oj,(u))] 

+ /:, lBCl-a^_,(t), i - a , (s)) +B(l-ct.(t), 

J -^6 ) 

1 - I - (3.3.21) 

2 p (-a^('fc)) - Q^(s)) 

-ega* (t-m ) ^ ^ — 

^ 3 

(■f - “^(■^) - ajj(s)) 

+ Aj LB(1-a^(t), I - c^(s)) - B(l-a^(t), 

I - cc^^(u)) + B(1 - c^.(s), 1 - a^^(u)0 

+ /"2 [Bd-ix^Ct), ^ - a. (s)) - B(l-cL(t), 

6 

^ - aj,(u)) - B(^ - a. (s), ^ - aj,(u))] , (3.3.22) 

pion conspirator + ^ 3 lJ( | - ajj(s)) 

-B(l-a^^(t)5 ~ - a^^(^)) + B(-J - aj;|(s), - c^(u))] 

j^3[B(l-a (t), 1 - (s)) - B(l-a^ (t), 

^ 6 2 

I - ajj(u)) - B(^ - c^^(s) , 1 - ajj(n))] ■ (5.3.23) 
i^2|. I^( ("^) > 2 ~ ^(^)) + B(1— (t), 

2 ” %(^)) + ®('^ - o^(s) , - ajj-(u))^ 

+ ^ - a^(s)) + B( l-a,,j^^(t) , 

^ “ *^^(^)) "" ^(2 "” ^ ~ ^^^ (^) )3 .( 3 . 3. 24-) 
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And. the B f-unctions appearing in the above eq^nations have 
their ■usual meaning. 

The first term in eqn, (5.3«22) is the pion pole term 
as required by gauge invariance and = 14.9? e^/A% = 1/137 

and a' is the common slope of all trajectories taken to be 
0.9 G-eY We choose a_(t) = a. (t) and a, (t) = a 

i.2 

implied by exchange degeneracy. 

There have been many attempts to construct the Yeneziano 
representation for pion photoproduetiorJ®”®^. ihmad and 
Eayyazuddin and Riazuddin®”' , and Ahmad and Rasryuzuddin®^ have 
constructed the Yeneziano representation v;ith a pion conspira- 
tor. These authors have more number of parameters in their 
model compared to that of ours. The parameters are fixed up 
by using information on low energy parameters of the baryon 
resonances. However they were not able to reproduce the 
struct-ure of (1/2j(s-Mjj^)^ ( 'ifP ■+ ( 'iJ'n -* 7t“p)31 

in the near forward direction at high energies. We have obtained 

0 4 

a good fit to the high energy differential cross-section ^ data 
at photon laboratory energies 5 GeY, 8 GeY and 11 GeY as sho-wn 
in i'ig. 20. There has been experiments to determine the asymme- 
try parameters in the process 'f+p - Tctn. In this experiment 
beams of high-energy linearly polarized photons have allowed 
measurements of the production asymmetry by photons with states 
of polarization parallel and perpendic'ular to the plane •'".of 
production. The as 3 rmmetry parameter^^ for production of pions 
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witli two states of proton polarization for the process 
f p n has been meastired. The asyimnetry parameter, in 

the high energy limit, can he written as 


S(t) = 


— 2(— t) Im (A^+tA2)^ 


dcr 


(5.3.25) 


The first term in the mjmerator corresponds to an out- 
of phase interference between natural parity exchanges in the 
t-channel while second term in the nnmerator contains inter- 
ference between tinnatural -parity exchanges. The fact that 
II and are exchange degenerate implies that and A^+tl^ 
have the same phase and hence we expect the asymmetiy parame- 
ter to be rather .small for small values 'of t. ¥e haver calcu- 
lated the asymmetry parameter in our model w.ith the set of 

f 

parameters that were used to fit the differential cross-section. 
But the results do not. agree with the experimental data (See 
Big. 21). We have also tried to obtain a simultaneous fit to the 
differential cross-section and the asymmetry parameter. The 
fit continues to be poor, with a chi square value of 55.3 against 
an expected 37- It is however to be noted thaVthe data on 
■a^symmetry parameter are still meagre and not very accurate. 

The set of parameters that was used to obtain the fit- 
to the differential cross-section is given by, 
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A1 “ 

11.90 GeV"'' 

s\ = 

-10.63 f/XB 

GeV"^ 

J 

^2 " 

. 149 G-eV 

r2 = 

-.380 V j^b 

GeY 

tl 

-21.39 fpB" 

M 

/ 3 

2.99 fpf 

5 

II 

7.99 f^b GeY“2 

II 

2.30 f SGeV“^ 





(3.3.26) 

The trajectory functions are given by. 


<\(t) 

= a (t) = -0.025 + .9 

t 

(3.3.27) 

a (t) 

f 

= a. (t) = .5 + 

.9 t 

J 

(3.3.28) 


= -.256 + .9s and 

a ( 
^ 6 

s) = .18 + .9s 

J (3.3.29) 


Perhaps there is a need for a more sophisticated version of the 
Veneziano model to explain the asymmetry parameter. Indeed 
what we need is to include a tem in the Veneziano amplitude 
which will produce an adequate phase difference between and 
+ tAg, Perhaps this can be done if there is a provision for 
Regge cut or other complicated singularities. ¥e may speculate 
that inclusion of twisted loops in the dual model may contain 
the necessary features. 



CHAPTER lY 


In Chapter II and Chapter III, we have applied the 
Veneziano model to me son-haryon scattering processes, in the 
narrow resonance approximation. In this chapter we propose 
to study yet another application of the Veneziano model. We 
impose self-consistency conditions^ , on the coupling cons- 
tants of the Veneziano amplitude, which follow from the unita- 
rity of the Veneziano amplitude in the narrow resonance limit. 
It is well loaown from the optical theorem that the total cross- 
section for a + h -» anything, can he related to the imaginary 
part of the forward amplitude for the process a + h — a + h. 

A similar relation can he obtained for the cross-section of the 
process a + h -* c + anything. In this case the cross-section 
is related to the discontinuity of the forward scattering amp- 
litude for the process a+h + c-*a+h + c. The reaction 
a + h c^ + Cg + • . . c^ + anything^ is known as an inclusive 
process, in which n final particles with definite momentum and 
quantum numbers are detected, hut ’anything’ is allowed to he 
produced in conjunction with the n-particles. The relation 
between the cross-section for a + h’- c + anything and the 
discontinuity of the forward scattering amplitude of the six 
point function for a + h + ^ -*■ a + h + o’ is obtained using a 
generalised unitarity relation. In deriving the bootstrap^^^^^^^^^^ 
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conditions, we make use of the results of unitarity relation 
for the four point as well as six point amplitudes. 

In the recent past, considerable attention has been 
focussed on the properties of the inclusive type reactions.lt 
was conjectured by feynman^"^ and independently by Benecke^® et al. 
that the inclusive cross-sections show a scaling behavior, which 
is independent of the energy of the incident particles. Mueller®^, 
then related the cross-section for the process a + b -* c + any- 
thing to the discontinuity function 'of the forward three particle 
scattering amplitude of the process a+b + c-*a+b + c as 
mentioned earlier. Hence, it is now possible to study the 
inclusive processes in different kinematical regions by examin- 
ing the characteristics of the six point amplitude. 

90 — 94 . 

Several models ^ have been used to understand the 
properties of the six point amplitude, principal among them 
being the multi-Regge model and Dual Resonance Model. Multi- 
Regge model is expected to be most useful in those kinematic 
regions where the total energy of the incoming particles and 
various sub-energies of the outgoing particles are both large. 
However, the experimental data in most production processes, 
favour the sub-energies to be not too large. Since the dual 
resonance model (DRIjI) , on the contrary, incorporates the fea- 
tures of the high energy and the low energy resonance region 
in a natural way it is perhaps a better candidate for describing 
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multiparticle processes, lircther, it should provide a unified 
approach to the different kinematic regions of the reactions. 

Di Giacomo, IPuhini, Sertorio and Veneziano^^ and Gordon 

92 

and Veneziano have suggested that in the frame work of DM, 
thsne exist self —consistency conditions on the coupling cons- 
tants, as a consequence of unitarity applied to the four point 
and six point amplitudes. Whereas the finite energy sum rules 
(PESR) , which • refle ct the principle of duality, are conditions, 
homogeneous in coupling constants and hence, would not he a 
bootstrap scheme, Veneziano^^’^”^, and Gordon and Veneziano^^ 
showed ::chow IRM had some features of a fully unitary amplitude 
and obtained a nonlinear equation for determining the coupling 
constants. 

The technique makes ^use of the fact that the total cross- 
section for a + b - X is related to the absorptive part of the 
forward scattering amplitude and that the inclusive cross-section 
a + b -♦ c + anything is given by the discontinuity across a cut 
in the amplitude for a+b + c-»a+b+c. In DEM the factoriza- 
tion of the amplitude requires the six point amplitude to be of 
the order of g^ while the four point amplitude is proportional 

' 9 

to g . If one now integrates the inclusive cross-section and 
equates it to the total cross-section, an inhomogeneous equation 

o 2 

in g would result. This can easily be ^own to give g as an 
integral of inclusive cross-section over its kinemati cal range. 
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We have considered such an outline seriously and obtained 
some meson coupling constants using their masses as inputs. 
Exchange degeneracy is used, wherever appropriate. Ho attempt 
has been made to incorporate SU(3) or other synmetry conside- 
rations. 


4- • 2 Single Particle Distributions and Total Gross-Section : 
4-»2.1 Total Cross-Section for Two Particle Scattering : 


The Veneziano representation for ^ab-*afb’ 


ab-*a 'b ’ 


-2f l(-a(t))r(-a(s)) 



1 (-a(t)-a(s)) 


(4.2.1) 


where a(s) = a(0) + a's. 


Then through optical theorem the total cross-section for 


a+b anything is given by. 


S -* oo 


o a(0)-1 

2'X ua’ (a(s)) 

fd + dCo)) 


( 4 . 2 . 2 ) 


1 9 20 

Erom Harari-Ereund ^ duality we know that the total 
cross-section can be broken up into two parts: (i) Pomeranchukon 
part and (ii) Reggeon part. The former is related to the back- 
ground in the direct channel and the latter is associated with 
the resonances in the direct channel. In the dual multi loop 
theory, the scattering amplitude for a + b anything is broken 
up into two parts: those ■ydiich contain resonances in the direct 
channel and those which do not. When there is no single 
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resonance in the direct channel a + b may form two resonances 
and then they decay into final states. The total cross-section 
is obtained by sq_u.aring the amplitude and integrating over the 
phase space. The case when a + b do form a single resonance 
the total cross-section is related to the imaginary part of the 
forward scattering amplitude for the elastic process a + b - a + b. 
As mentioned in Ref, 92, the other contribution, to the total 
cross-section, comes from squaring the amplitude of Rig. 22b 
gives rise to twisted non planar dual loops as shovm in Rig. 23 . 
These, by virtue of their having vacunm quantum nnmbers in the 
t~channel, are associated with the Pomeranchukon contribution 
and as such bring in diffraction together with non- resonating 
background. We shall not be concerned with either this contri- 
bution or with that coming from the interference between ampli- 
tudes of Rig. 22a and Rig. 22b, following the arguments of 
Gordon and Veneziano. 

4.2.2 Kinematics of Single Particle Distribution i 

We consider the inclusive reaction, 

a + b c + anything (4.2,3) 

We define following invariants in terms of ^ich the diffe- 
rential cross-section for this process, can be expressed. 


s = 



(Pa+Pi,)t 


(4.2.4) 







S5 
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I'eynman has used following set of -variables, 

^ > |pt I. ^ > 


(4.2.5) 


where and are the transverse and longitudinal momenta 
of the outgoing particle in the centre of mass frame. 


Ihe invariant variables defined in eqns. (4.2.4) s-nd 
( 4 . 2 . 5 ) are related as follows in the limit when s and 
masses of all external particles are equal. 

t ^ (m^(l~x)^ + P^^) + 0(-~) for X > 0 



X = 


~s " 
(x^ + 


(1 - x) + 0 ( 
^ 1/2 
s/4 


2^0 


( 4 . 2 . 6 ) 


viiere m is the mass of the external particles. 
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There has been extensive study on the behavior of the 
inclusive cross-section in different kinematical regions. ¥e 
mention below the different kinematical regions, that are 
significant when incident energy is large. 


(!) Pionizatlon Region .* 

This is the region in which s large , t large u large 
and ^ - fixed. The amplitude has a double Regge behavior in 
this kinematical region and the cross— section depends upon the 
square of the transverse momentum of the detected particle. This 
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is also known as the central excitation region (CEX). The 
relevant diagram is shown in Eig. 24a. Ihe detected particle 
has a finite momentum in the c.m. frame in this region. 

(ii) larget fragmentation (TEX) Region ; 

In this kinematical region s t -*■ fixed and 

-»■ fixed. The relevant Regge pole diagram is sho?m in the 
Eig. 24b. The inclusive cross-section, in this kinematical 
region can be written as. 


E = j3(0) Q , (4.2.7) 

c t 

In this kinematic region the detected particle has finite 
momentum in the rest frame of the target. 


A similar kinematical region exists for u fixed 
fixed and s ^ 0 °. This region is known as projectile frag- 
mentation (PBX) region. In the PEX region the observed particle 
has finite momentum in the rest frame of the projectile. 

(iii) Tripple Regge Region : 


. 2 

This limit is approached when s larges^M large ^ 
t -<■ fixed and large. The inclusive cross-section has a 

simple closed form in this region. 


E. 


dtdM^ ® 


4)’"’ r 




bcR 


(t) (M^) 


a(0) 


( 4 . 2 . 8 ) 
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where is the residue +. 

hcR function. We have discussed the 

behavior of the inclusive cro^^c, „ +• 

ross-section in different kinema- 

txcal region. The relevant diagram le eho* In Pig. 240. 

in the dual resonance model the trlpple Regge region 

is one of the regions which can he evaluated exactly in the 
limit t = P - 0. 

ScallngS^ Is a statement about the limit of the above 
mentioned inclusive oross-eectlon when s - » and both |pt and 

X are kept fixed. In terms of our variables (s, t and p ) 
scaling means, 


,t fixed 


Kp, t) 


(4.2.9) 


The scattering amplitude for the process a + b - c + any- 
thing gets contrlbutloh from different set of diagrams. They 
can he classified as follows: 

(i) a + h can go to c and a resonance which decays into anything. 
This can happen in three ways as shown in Fig, 25a to 

Fig. 25c. 

(ii) a + h can go to c and two resonances R.^ and R^ and then 
R.J and Rg can decay into anything. 

(iii) a + h can go to c and three resonances which subsequently 
decay into anything. 
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The processes described in (ii) and (iii) gi'v'e rise to 
nonplanar loops.. We consider diagrams corresponding to 
Pig. 25 a to 25 c,. only, since other diagrams will giwe rise to 
the Pomeranchukon exchange. 

4 - • 2 . 3 The Total Cross-Section and Inclusive Oross-Section : 

In all our calculations we have not included Pomeranchu- 
kon trajectory due to the well known difficulties present in 
treating Pomeranchukon in dual resonance model. Therefore, the 
inclusive cross-section, we shall obtain, is due to the non- 
Pomeranchukon trajectories alone. In calculating the total 
cross-section from inclusive cross-section we shall get contri- 
bution due to the Reggeon part only. The cross-section obtained 
in this manner is eq^uated with the Reggeon part of the total 

cross-section obtained using optical theorem. Justification 

. 98 

for such eq_uality has been put forward by Tye and Veneziano 
recently. Tye and Veneziano obtained following results: 


E 6"(a+b 
X 


E ^‘(a+b 
X 


X) = 6 


t ' ^ab'^^ab ® 


a(0)-1 


( 4 . 2 . 10 ) 


c+X) = 


do 


hb 






S-«° 

^ (4«2.10) and (4» 2.11 ) and f ^^3 

■ . ■ 98 

conisnibnijions fnoni non-^Poiii6ranobix^ ’tna factories* Th6n they 

, 

obtain following relations* 
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sa(0)-1 


E 

c 


/ dp; dx^ 




j- \ 

»c’ 


(4.2.12) 

(4.2.13) 


Iheref ore , the total cross-section obtained by integrating 
over d in inclusive cross-section can be equated with the non- 
Pomeranchukon part of the total cross-section obtained from the 
optical theorem. Hopefully this justifies our retaining only 
amplitudes corresponding to Pig. 22a and Pig. 25a to 25c in 
setting up the bootstrap equation. 


We have not computed diagram corresponding to Pig, 25c 
and interference of this diagram with Pig. 25a and Pig. 25b. 
Since its contribution is small (See Chapter V). Significant 
contribution of this diagram is related to the Pomeranchukon 
part. Therefore, in calculating the discontinuity functions, 
we have only to consider the amplitude corresponding to 
Pig. 26a - d, 

¥e are aware of the several shortcomings of the DRM. Por 
example, there is no simple way of handling baryons, vtiose 
introduction give rise to the appearance of unwanted poles of 
wrong parity. Similarly, when the pseudo scalar mesons are 
introduced they cause some problems in, factorisation of the 
multi Yeneziano amplitudes. There are problems connected with 
the ghost states lying on the secondary trajectories. Indeed, 
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there are standard, thongh not fully satisfactory, procedures 
to overcome these difficulties, te can only hope that such 
procedures are sufficient to get a first order approximation 
in solution of the bootstrap problem. 

We ha've chosen for the study the reactions (i) -* 

and the inclusive reaction u Tt® + anything and (ii) 11+ ij-* ft + i'j 
and the inclusive reaction n +^j-* -n: + anything. In both cases, 
there is a single amplitude that participates. In the first 
process exchange degenerates K* and K** trajectories in the 
s- channel and 'y and f in t-channel are exchanged. In the second 
process Ag trajectory is exchanged in the s- channel and f in 
the t-channel are allowed. In order to account for Pomeranchukon 
exchange, more complicated version of the hBM which includes 
'twisted nonplanar loops' is required. ¥e have not considered 
them here 5 primarily for the sake of simplicity, but also with 
the hope that the bootstrap equations could be factored into 
two parts, one with only Pomeranchukon exchange and the other 
which involves regular Regge trajectories as discussed above. 

In constructing the six-point dual amplitude, we use the 
method prescribed by Panchapakesan. Ihe amplitude has appro— 
priate factors to remove the unwanted ghosts and tachyon states 
from the parent trajectory and satisfies factorization for 
stat es on the parent trajectories. Since we are interested only 
in the qualitative features of the nonlinear bootstrap we do not 
attempt to remove the difficulties present in the multi 7 eneziano 
model for pseudoscalar mesons. 
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4.2.4 The Process Tt~K+ -n--Tr+ 4.1.. , . . 

I33 elusive React ioh 

-*• 7 U° + anyth iny; 


We follow the method prescribed by Kawarabayashi, Kitakado 
and Yabnki^^ to write the amplitude for the process Tt~K+ - n'K*. 
There are f and p trajectories exchanged in the t-channel. The 
s-channel and u-,channel get contributions from K* and K** tra- 
jectories. We take a ,. = a and r, - r. • , 

E* K** ®f ~ “p “ using exchange 

degeneracy. ■ 


We write the amplitudes corresponding to definite isospin 
in t-channel 


^t='’ 

= ~2Y 


/l-a(t)) I (i_a ^(s)) p1-a(t)) l(l-a*(u)) 

2 i" : K ' . • K 


(l-a(t)-a *(s)) 
K 


(l-a(t)-a *(u)) 


1 


K 


( 1-a(t) ) |(l-a *(s) ) 


I+=0 . iri-a^Ui; S7l-a(t) ) Rl-a *(u) ) 

A ^ = -2 ^(2 [- : .. ..K .. ^ K* -1 


( 1-a(t)-a ^(s) ) 
K 


r(l-aCt)-a *(u)) 


K 


(4.2.14) 


Prom optical theorem we get, 

cr 


-TC K"*" 


— 4- 4 - 

Im a'^ ^ -» 7t K 


S 00 


1 lt=° , .1* = -I 


= 3i h (4.2.15) 
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where ^ G- a(0) - .5 and a' = 1 G-eV ^ is the connnon 

tcKIv 

slope of all trajectories as required by the Yeneziano model. 


In the equation (4.2.15), we have vi/ritten the contri- 
bution due to the non— Pomeranchulcon trajectories to the total 
cross-section. 


Now we construct six point functions for the process 
% K'*’ Tt*^+ anything in the following manner, keeping only 

trajectories which have highest intercept in each channel. Ihe 
amplitudes corresponding to Pig. 26a-26d are written down 
separately as Bg, Bg, Bg and Bg respectively. 


B' 


,4 r r r - -a:g;*(s)-1 __ -ag-*(M )-1 


'g = &^. / / / dx^dXgdx^ x^ 


X. 


x,"“K* 


(i)-1 


000 


-a (t)-1 -a (0)-1 -a (t)-1 

X(l-x^) (I-X 2 ) (I-X 5 ) 

2a (0)+a’t 2a (0)+a't -2a (O) 

X(i_x^X2) (I-X2Z5) (l-x^XgXj) P-i(x,p) 

(4.2.16) 


where S'-i(x, p) = fa *(s) (1-x.) + a (t)x.] *(s)(1-x,) 

I >- g- I K 

+ a (t)x^] a^*(M^) (I-X 2 ) 

is multiplied to kill ghosts on the leading trajectory at 
a (t) = 0. V ^ 

a = Re si le, s = He s -le and 
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Similarly , 


1 1 1 


■u / I I I ^ . 

= & Iff dx. clxo dx^ X. ^ 


a *(u)-1 -a (m2)_i (u)_i 


0 0 0 


■1 ^""2 


(I-X 3 ) 

Xfl X X (0)+«''t 2a (0)+a't 

a(.1-x^X 2; (l-XpX„) 


■a (t)-1 


-2a (0) 

( 1 -X^X 2 X^) FgC^jP). 

(4.2.17) 


1 1 1 


■cc *(s)-1 -a Jm2)_i -a .(u )-1 


Br = & / / / dx. dxo dx.. X. ^ IT ^ ^ K 


000 


'1 2 


x(1-xp 


-a (t)-l 


-a (t)-1 

(■1-Xp) (i-x^) 


(t)-1 


X (1-X^X2) 


2a (t) 


(l-XpX^) 


2a ("t) -a(t)-a(0) 

(1-X^X2X^) BjCxjp) ., 

(4.2.18) 


Br = 


1 1 1 


0 0 0 


-a *(u)-1 -a *(M‘^)-1 -a ^ 
dx^ dx2 dx^ x^ ^ X 2 ^ ^3 ^ 


( i )-1 


( t )-1 


( t )-1 


^( 1 -x^) (l-Xp) (I-X 3 ) 


-a (t)-1 


X ( 1-x^X2) 


2a (t) 


(l-XpX^) 


2a (t) -a (t)-a (O) 

(I— x^X2X^) P^(x,p) 

(4.2.19) 


with , 


P2(x,p) = |~a^*(u)(l-x^) + a (t)x^'] 

X [a ^(u) (l-x,) + a (t)x^ [a *(M^) (l-Xg)! 

J'3(x,p) ==[:a *(s) (1-x|) + a (t)x^(l [a *(m 2)(1-X2) 


+ a (t)x2l [a^*(u) ( 1-x^)+a, (t)x^ 
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I'4(25:,p) 


[x^a (t) + a *(u)(l-x^)][x2a (t)+a *(1-Xp)] 

Jl K 

[a_^*(s)(l-Xj)+a (t)x^] ^ (4.2.20) 


and u - Re u + 16 , u - Ke u - 16. Here and every where 
a^Cz) = ap(2) = aj^^(z) = .5 + z = a(z). 

To calculale the inclusive cross-section we have to take 
discontinuity across the p cut of the above mentioned amplitude. 

4" • 2 • 5 n n ^ and the Inclusive Reaction tc V} a nyth ing • 


In the process TtV)-* rcr^^A^ Is exchanged in the s and u 
channel and f is exchanged in the t-channel. ¥e write the 


amplitude as follows: 

1 = _2g^. r Rl-a(s)) Ul-a(t) j Cl-a( u) ) 

■^9^2 ' Rl-a(t) - a(s)) [?1-a(t)-a(u)) 

+ I (4.2.21) 

r(l-a(s)-a(s)) ' 


An d the total cross-section due to the non-Pomeranchukon part 
in the limit s - is: 


a.( 0)-1 

Tca' ( aj^ (s) ) 


( 4 . 2 . 22 ) 


The six point functions whose discontinuities are related to 
the inclusive cross-section of the process is + anything 


are the following: 
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1 1 1 


0 0 0 


dxg :^^-a(M2)--i ^^-a(s}-1 

(i-x2)-“(0)-1 (i_x^)-o:(t)-1 ( i_x_^3,^)2a(0)+a’t 

^ ^^(x,p) . (4,2.23) 


= G'^ 


1 1 1 


(ix dxp dx^ 2 - X ^ -a(u). 

000 1231 ^2 ^3 

(l-x^) (■i_x X )2Q:(0)+a't 


(1-X2X5)2“(0)+a't (1.^^ )-2c<(0) 


(4.2.24) 


B 


' c 


1 1 1 


I f f dx -1 dxo dx-, X ^ -a(u)-1 


0 0 0 


-1 u^2 ^^^3 ■ X 2 -' ' ■ X, 


d-x^ ^ (1~X2)““^'^^"'' (1-X^)"“^'*^^“'’ (l-x^X2)^“^'^^ 

(1-X2x^)2“('t) (l-x^X2X3)-«<^^)-«^0) p^(2:,p) ^ (4.2.25) 


b'^ = G'^ 


1 1 1 


000 


dx^ dx 2 dx^ x^ a(u)-1 


(^_^^)-a(t)-1 ^^_^^^-a(t)-1 (^_^^)-a(t)-1 ^ 2a(t) 

(1-X2X^)2“^‘*=) (1-x^X2X5)-“^^)-“<^°^ b| (x,p) „ (4.2,26) 

where, = ( a(s) (l-x^ )+a(t)x^ ) (a(s)(l-x^)+a(t)x^)a(M^) (I-X 2 ) ^ 

5*2 = (a(s)(l-x^)+a(t)x^)(a(s)(l-x^)+a(t)x^)a(M^)(l-X2) , 

^3 = ( a(s) (l-x^)+a(t)x^) (a(M^) (l-X 2 )+a(t)x 2 ) (a(u) 
(l-x^)+a(t)xp > 
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(x^ a(t) 4-a(u) ( 1 


)(x 2 a(t)+a(M^)(l-X 2 )) (a(s)(l-x^) 


+ a(t)xj) 

2 2 

®A2fn 


(4.2.27) 


Now we proceed to calculate the discontinuity functions of the 
six point functions defined above. 


4* 3 Discontinuity funct i ons : 

In this j2'Sectionj we shall calculate the discontinuity 
function of the six point amplitude in different asymptotic 
limits. 


We begin with the explicit evaluation of the discontinuity 


function for the amplitude in the limit when s 

r\ ' ^ 


oo M 


■"./rS 


1? 
s 


large 


- 0 and t is fixed and small (Tripple Regge limit). 


Dirst of all we make a change of variable using methods 


of Bar dak? i and Rucgg 
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We define . 


X 


• U 

:cr7(17^T 

E 


W 


1 


Xg = e 


-a 7 m2)-1 
E 




= e 


K 




a 0 “ (t)-1 (■t)-'! 

D/- = a *(M“) a *(s) a *(s)(-a *(s)-l) 

E E E E E 

^(-a / / / dUd?d¥ e 

E 0 0 0 

-a (t) -a (0) -a (t) ^ -a 

^ (IJ?) W (F(U')D(W')) (B(W')) 

2a (0)+a't 2a (0)+aVt 2a (0)+a't 



X p(V»+f») 


2a (0)+a’t 


(uP+Vf+w) 


■2a (0) 


+ a *(s) a: (t) cc (B2)(.a 


P(U’+V'+wt) 


1G0 
-2a (O) 


aCt)~i 


K (l-a_,(i)-i) 


a (t) 


x(-a *(H 2 )- 1 )“ 

K . 


K 


^ -(U"+V'»+W") 

dUdVdW e ^ 


-V' -a (t) ^-cc(0) (t) 


X e U 


0 0 0 
■a(C , 

¥ P(TJ») 


-a (t)-i 


F(V') 

X]?(vr>)’“ gB+W)^“ ( 0 )+Q;’t ( 0 )+a't 

x(pu+^V+',7) Cl'(U'+W')P{T'+iyi))^°^ (0)+a't 

(m2) a Js) « (t)(-a .(3)-1)“ 

^ ■ K K 

y f f'Z'\ J \ *^ C^) — 1 , O CX (o)— 2 a (t) — 1 CO oo oo 

X(-a_*(s)-l) (-ajM^)-!) Iff 


K 


K 


0 0 0 


X dU dV dY/ e ^ e~^' Y~^ W~“ 

Y-“ F'VO"" 

^ ^ ((fU+¥)(fY+¥))^“ (0)+o: t (0)+a't 

(0)+a't __ -2a (0) -2a (O) 

Xl! (!'’'+¥’) (flj+^V+f) P(U'+V'+¥’) ^ 

a (t) 


(-a ^(s)-l) 


_(U«'+V »’+¥") 


,9 a (t) 

/< a *(M^)a (t) a (t) (-a *(s)-l) ,-u ^ 

K K K ' 

o, a (0)-2a (t)-l oo oo oo 

X (-a^*(l*r)-1) ,. / / / dd dV d?/ e 

K o 0 o' 

-(U'+V) -a (t)-1 -a (0) -a (t)-1 

Xe (UV) W : 

, -a (O) _ 2a (0)+a't 2a (0)+a*l 

XP(W') ( (fU+W) (pY+f) 

-2a (0) -2a (O) 

X (fU+^Y+W) P( U ’ +?'+¥') : 


(4.3.1) 
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whei’e j 


IJ’ 


U 

•a *(s)-1 



U" = U + U', T*' = y + W" = f + ft 

t2\ 


(4«3.2) 

(4.3.3) 


P(x) =1 (1-e-), p= 

a(s) a(s) 

The other amplitudes can be written as follo 7 ;s; 


b5 


ex ^(M‘')a *(u)a ^(u)(-a *(u)-1) 
ii K K K , 

o a(0)-2a(t)-l C50 CO oo 


a (t)-1 


(-a *(u)-l) 
K 


a (t)-1 


J<(-a *(K‘')-1) 

,K 


.-(U^'+y+W”) -a (t) 
/ / / dUdYdi? e (UV) 

0 0 0 


-a (0) -a (t) -a (O) > 7 : 2a (0)+a’t 

xw (i'(u’)^'(v') (p(¥')) ((Up +f)(yp+Y0) 

2a (0)+a't / _ -2a (O) 

X (p(u'+y)p(u’+vr)) (uf+yp+w) 

-2a (0)} . a (t)-1 

X(1(TJ'+V'+Yr)) + a *(l\r)a ^(u)a (t) (-a_*(u)-1 ) 


£ K £ 

a (0)~2a (t)-1 °° 


- a ("t) 9 

54 (-a *(u)-1) (-a *(i4'^)-l) 

K K 

-(U"+V"+W'’) -V -a (t) -a (t)-1 -a (0) -a (t) -a (t)-1 
X e e U y w ^(U’) P(y') 


/ / / dU dY d¥ 
0 0 0 


-a (0) / - 2a (0)+a't 2a (0)+a't 

X FCW) ((Uf 4Yv)(yf +¥)) (F(U'+W’)) 

2a (0)+a't ; - -2a (0) -?a (O) 

X i‘(v+w') (uf+ f v+ 1 ) F(u*+y'+w') 

a (t)-1 a (t) 

+ a .(M2)a (t)a *(u)(-a *(u)-l) (-a Jn)-1) 

K E E ' X 
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X (-a (t)-1 “ -(U"+?’W») -U' 

X u ,*0- j 1) f f f dudVdW e e 

0 0 0 


(t)-i -a (t) -a (O) -a (■b)-i (+) 

¥ ¥.; -oriTix ^ “ 


/¥' .s / 27 V 2a (0)+a't 

((U_f+W)(V3^ +W)) (3?(U'+Yf')J'(V’+W»)) 


^(7’) F(¥') 

, 2a (0)+a't 


-a (O) 


(Uf +Yf +W) 


-2a (0) 


(?(U’+Y'+¥')) 


■2a (0) 


*(M )a (t) a (t) 


X Y rv -JtfnY / 2v “ (0)-2a (t)-1 

v-a |U)-1) (-a^*(u)-l) (-a *(m2)-i) 

^rrrmnr.vr -(U''+Y” 4 -W) -(U’-fY'), -a (t)-1 -a (O) 

J J dUdYdYY e e (W) W 

0 0 0 

X ^ 2a (O)-ra’l; 

(i'(u’)F(v»)) p(y/’) ((uf +w)(Yf+w)) 

, , , , 2a (0)+a't / _, -2a (0) 

X (i'‘(U'-fW')l''(Y'+?Y')) (Uf-fYf+W) 


X(I’(lI'+v7*+V')) 


•2a (0) 


(4.3.5) 


It is understood that the change of variable for x^,X 2 ,x^ 

is made in terms of the Mandelstam variable u. And p' = 

2 } n 

' 


o „ “ ('t)-1 „ 

=■ a *(s) a a *(u) (-a *(s)-l) (-a *(u)-1) 

O rr^ rr rr TT" IT 


(t)-1 


^ a (0)-2a (t)-1 °° 

x(-a *(m2)-i) / / / dUdYdf e 

K 


-(U’'-fY’'-t-¥*') 


0 0 0 


-a (t) -a (t) ^ 2a (t) ^2a (t) 

X(UY¥) (I'U’)l'(Y*)F(f ')) (fU+¥) (f Y+W) 

2a (t) 7., -a (0)-a (t) 

(iCU’-hW')? C7*-^W*)) (fU-^fY+W) 
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K 

xa «(u) (-a (s)- 1 )“ ,(u)-i)“ 

iV g; 

X (-a^,(M2)-1) “ {”{T™ 

Ke (UV) “ ^'''\F(U')P(y'))'’“ '''''■\i.(y(.))"“ 

X((PU+W)(fVH.f))^“ ^\F(n'+W>)J(V'+if).)^“ 

V rotr a'r Trn"^^ x (0)-a (t) 

X (fu+f ^+¥0 P(U'+V+W') +a (s)« (t) 

K 

(+\( ^ ^ x-x p CC (0)-2a(t) 

xa (t)(-a .(s)-l) (-a *(u)-l) (_a ^(i,i^)-l) 

^ K K 

^ -(n'WW) -(V+W) -a (t)-1 

J J ciUdVdW e e (V¥) 

0 0 0 

XX , , ^ -a (■t)~1 -a (t) -a (t) _/ 2a (t) 

X(P(V«)F(¥')) U P(U0 ((9U+f)(?'/+¥0) 

2a (t) _/ -a (0)-a (t) 

X (P(U’+W')P(V'+W’)) (?UH-fY+W) 

-a (0)-a (t) 9 _ cc (t) 

X(i(U» +?'+¥/’)) +a (t)a .(ir)a *(u)(-a *(s)-l) 

k'' k k 


X (-a #(u)-l) 

K 


a (t)-1 o a (0)-2a (t)-1 “ 

C-a *(«3-l) 

K 0 0 0 


_(U"+V'm") -U’ -a (t)-1 .. , . 

e e U P(IJ*) (Til) 

(t) -/ 2a (t) 


/ / / dUdYdW 

0 G 

a (■fc)-1 -a (t) 


-a ix ) — / <;a V Ox' 

(P(Y')P(W')) ((Uf+W)(f Y+W)) (P(n’+¥»)P(Y’+¥r)) 


2a (t) 


-/ -a (G)-a (t) . ^ 

(Uf+f>Y+W) P(U'+Y'+W’) 


-a (0)-a (t) 


+ a (■fc)a (t)a (t) 
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X(-a .(s)-1) (-a ,(u)- 1 )“ ">^-2“ (1^) 


(-a *(M^)-1) 
K 


K/YAnavdw (t)-i 


0 o o 


Ct C *t ^ *1 

X( 1 '(U')P(V.)J(W)) ■ ((?u+w)(fwo)"“ 


xF(v'+iy-)^“ Y)'“ '%(t,.+T'^W.) 


(PCu'+wO) 

-a (0)-a (t) 


+« (t)a (t)a^*(M2)(-a^,(s).i)“ 

X(-a (h2)-1)“ /Y — 

K 0 0 0 

-(U’+Y') -a (t)-1 _a (t)_i (i-) „ /+^ 

(UV) (ECuOyCV)) ^Y(W') 

2a (t) 2a ft\ 

A ((fu+W) ( f V+T/)) (F(U*+W')Y(V»+W')) 

^ / rt (0)~a (t) -a (0)~a (t) 

X(Uf+^V +W) I'(U'+Y*+7f') +a (t)a (t), 

{■t)-V ct(0)-2a (t 

;< a *(u)(-a *(s)-1) (_« ^(u)-l) (-a „(MY-1) 


oo CO oo _(UYV"+W") -d'+U') -a (t)-1 -a (t) 

X/ / / dTJdVdW e e (UW) Y 

0 0 o 

. -a (t)-1 -a (t) „/ 2a (t) 

^ (l'(ll')F(W’)) F(Y') ( (f n+YO (f V+W) ) 

2a (t) -a (0)-a (t) 

A (f(U'+V/OE'(Y'+WO) (uf+Yf+70 


Y(U’+Y'+W‘) 


(0)-a (t) 


( 4 . 3 . 6 ) 
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ji. k K K 


(t;)--1 

;<. (-CX^_*(3)~1) (_a ^(m2)_i) 


2n ,x “ (0)-2a (t)-l 


Iff 


-(IJ”+V”+W”) _cc (t) ° ° 

^dUdVdW e (UYW) (i’(U')l'(Y')S’(W'))~“ ^ ' 

-' 2a (t) o„ f+\ 

x((-0? +W)(V? +w)) (F(II'+ff')P(T.+B.)) “ 


+ « *Cu) a ^(iv:*) a (t)(-a *(u)-l) 


a (t)-1 


z *Y-.- )a ^tK-a *(u)-1) (_« ^(i)-l) 

k e 


a (t) 


'/< (-a .h.(M'^)-I) f f J dUdYdl e 'e 

i’x 0 d 0 

, , S , -a (t)~1 

X (UW) (PCUO^CW')) v“ Y(YV) 

^ -: 2a (t) 2a (t) 

X (( yu+w)(Vv+; 0 ) (p(u'+7f’)s'(v'+w’)) 

j - -a (0)-a (t) -a (0)-a (t) 

^ (Uf-i-Yf+VO E(U'+Y*+W') 

__ a (t)-1 _ a (t)-1 

+a .*(u)a (t)a *(s)(-a *(u)-l) (-a *(s)-1) 

K K K K 


(0)-2a (t)-l oo oo 


-(U>'+Y’Vf’') -Y' 


< (-a jM"-)-l) 


(0)-2a (t) °° 


dUdYdW e 


• (U"+Y'W") 


0 0 0 


-a (t) -a Ct) -a (t)-1 -a (t)-1 

X (UV) (F(U»)5'(V*)) E(W») 

^ — 2a (t) 2a (t) 

IJ+W) (fY+W) ) (F(U'+?/' )F(Y’+¥' ) ) 

I - -a (0)-a (t) ^ 

^(Up+Vf+W) F(U'+Y'+r) 



106 


+a (t)„ (t)a^,(u)(-oc (u)-1)“ » (t) 

K 


X.(-a 


p U (o)— 2cx (ij) oooooo /'iTtf TT IftlT \ / 

' * -(U'’+V'»ff”) _(y'+w*) 


e 

-a (t) 


f f f dUdVdW e 
0 0 0 

?<((9U+W)(?V+W))' ^ ^J'CU'+f ')F(vi+ft))^‘^ 

/( f LT+^+V7) “ 

+ a M){-a *(u)-l)“ ^(i)-l)'‘ 

Iv K K 


>^(-a *(m"'')~1) 


a 


(o)— 2o; (i;) 02 oo oo 


K 


Iff dUdVdW e 
000 


-(U "+?"+¥*') -(U'+T') 


X(UV) ^F(U')F(V«))"“ 

KCCf U+W) (f Y+W))" ^ \p(U'+¥')F(Y’+f ») )^'^ 

v““ (0)-a (■fc) -a (0)-a (t) 

X(fu+?Y+W) Y(U'+V'+W») +a (t)a Ct) 

p cc (t) a (t) ’ p 

Xa ^,.(M')(-« *(u)-l) (-a „(i)-l) • - 

K K K 

a (0)~2a (t)-1 000000 _(U'VYW) -(u»+Y* 

X (-a *(f/<-)-1) / / / dUdYdf e e 

K. 000 

-a (t)~1 -a (t)-1 -a (t) -a (t) 

X (IJY) (F(U’)S'(V')) W F(Tf') 

, I - 2a (t) 2a (t) 

X ((<^IJ+VO(fY+yO) (F(U'+W')F(Y’+f')) 

I - -a (0)-a (t) -a (0)-a (t) 

X (<? u+'jY+v/) FCu'+v*+r) "■■■■ . ■ 
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+a Ct)a (t)a^*(s)(-a *(u)-l)‘^ 

^ K 

X f-rv (M^) a (0)-2a (t) “ °° °° _(U'’+V'W") -(U’+W') 

;,-a )-1) / / / dUdYdW e e 

0 0 0 

X(OT)"“ ‘■^^'''(P(U')P(W'))"“ 

X ((f U+W)(f7+W))^“ ^*\s(ir'+r)F(T'+¥'))^“ 

X X p^TT -jw PyrN”*^ (0)-a (t) -(V (0)-a (t) 

A ( f 0+^7/+^) ^(U'+Yt+W') 

+ a (t)a (t)a (t)(-a ^(u)-l)“ Ji)-1)“ 

K K 

2^ (0)-2a (t) 00 oo oo _(U»*+Y »+¥'’) -fU'+Y'+W*) 

X (-a *(M )-l) Iff dUdYdW e e 

, 0 0 0 

-a (t)-1 _a Ct)-1 / _ 2a rt") 

A(UW7)^ (P(U')5'(V')I’(W‘)) ((f U+¥)(fY+¥)) 

, s X (0)-a (t) 

X(I'(U»+W')F(V’+W')) (Uf+Yf+ff) 


^(TJ'+Y'+W') 


(0)-a (t) 


’)(4.3.7) 


Uow following the argtmients of Bardakci and Ruegg we 
can take the limit s - - “ and M - oo inside the integral and 
obtain the asymptotic behavior of the amplitude. Then we can 
analytically continue the amplitude to positive quadrant of the 
complex s and complex plane. In the limit p — 0 the disconti- 
nuity function for is given by. 
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Disc 


1 


2ni ^6 


= -1 


% 


[ [^(1-a (t)yL2a (t) fC- 


a (t)) 


Xpd-a (t)) + /(t) 

sin ,t (a (0) - 2c 
a (O) _-, 

(a^*(s)) j (-f+o: ( 0 )+ 2 a’t) (4.3.8) 

Cr^(1-a Ct))-2a (t) R-a (t)) 


Ul-a (t))+a^ (t) p 2 (-a (t))] 


X sin It (a (0)-2a (t))(l-p) 


2a (t) 


^ (0)-2a((t) a ( 0 ) 

^ P (a Rs)) 

K 

X r(l+a (0)+2a't) 


(4.3.9) 


= 2 cos Tta (0)(a *(s))“ 

nd K 

a (0)-2a (t) 

P sin ^(a (0)-2a (t)) 

) 


[r^(l-a (t)) Pd+a (0)+2a't)-a (t) 

X Pd-a (t)) PC-a (t)) Pd+a (0)+2a*t) 
-a (t) P^d-a (t)) p(a (0)+2a*t) 

+a^ (t) I (-a (t)) p(t-a (t)) 
xRa (0)+2a’t)-a (t) Pl-a (t)) 
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>^r(-a (t)) p(l + a (0)+2a’t)-a" (t) 

T(-a (t)) [(a (0)+2a’t)+a^(t) p^(-a (t)) 
ltl+a (0)+2a't)+a^ (t) \X-a (t)) 

Pd-a (t)) PCa (0)+2a*t))3 . (4.3.10) 

The discontinuity functions given in the eqn. (4.3.8)- 
( 4 . 3 . 10 ) are strictly valid for ^ 0 in the dual resonance 
models. How we consider a different kinematic region where 
3 t M. -> °o and is not infinitesimal, ¥e calculate 

the discontinuity function in this region. The functions are 
determined in the following manner: (i) We first take the limit 
s 00 and (ii) the limit t — =0 and «>. keeping in mind the 

fact that a(0) = l/2, we get the discontinuity function as> 

-a *(s) log (a *(s)(a *(s)+a (t)) 

^ ^ (5(s,cos e) 

O 1 

( 4 . 3 . 11 ) 

where(^(s 5 cos 0) is a polsmomial in s and cos 6. Because of 
the a(s) factor in the exponential this -gives a negligible 
contribution for large s values. 

Disc = 4 G^(exp[-a *(s)(1-fX(l-cos e)log 

+(1+003 9)log •:i:~^)+ [a #(s)(l-p)(l-cos B) 
- 11 ( 0 )] log( /(1- - 00 s e)n)/it . (4.3.12) 



110 


where cos 9 unit vectors in the CM 

frame. In the aoove equation we have retained only leading terms. 

The discontinuity functions for nonzero p assume a very 
complicated form, as it has heen observed by Gordon and Veneziano, 
in the case of scalar particles. In the presence of pseudoscalar 
mesons they become even more complicated. It is also not possible 
to obtain any closed, form for the discontinuity functions for non- 
zero p value. 

In view of the above mentioned difficulties we assume that 
the discontinuity functions as given in eqns. (4.3.8)-(4. 3. 10) 

can be extrapolated to a region where is nonzero. This corres- 

/ 

ponds to extrapolating from the tripple Regge region to the target 

fragmentation region. But it will be a very drastic asstimption 

to use the equations (4.3.8) to (4.3.10) all the way upto 1. 

Therefore, we use the form (4.3.12) for large ^and t values. 

We mention -here that the eqn. (4.3.10) gives vanishing contribution 

since there is a factor cos Tia (O) and a (0) =1/2 in our case. 

Therefore, v^e are left with only two functions given by eqns. 

(4.3.8) and (4.3.9). There is some experimental indication that 

the tripple Regge parameterization is valid in substantial part 
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of fragmentation region. 

In order to obtain the inclusive cross-section we devide 
the discontinuity function by appropriate flux factor. 
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dt 


4Tca(s) 


I^isc Bg (s, p, t) 


(4.3.13) 


To obtain the total cross-section we integrate eqn. (4.3.13) 
over dilf^ and dt. Then is given 

1 \ax 

^t T^cCsJ W dtf(f,t, s) (4.3.14) 

0 t . 
min 

v/here , 


t(f, t, s) = jT Bg (S,p, t). 

¥l 


The integral (4.3.13) was perfoimed hy a computer analysis. The 
actual computation was done in the following manner. 


The discontinuity functions defined in eqns. (4.3.8)- 
(4.3.10) and in (4.3.12) are computed for different values of 
p* and t in the computer and are compared at each value of p and 
t. Then the values of t and p for which the tv/o discontinuity 
functions (4.3.8)-(4.3. 10) and (4.3.12) coincide are taken, 
say, they match at t = t^ is carried out hy taking the disconti- 
nuity functions defined in eqns. (4.3.8)-(4.3. 10) and the inte- 
gration from p = p to p= 1 and 'to = ■tjjjax carried 

out by taking the discontinuity functions as defined in eqn. 
(4.3.12). The total cross-section obtained in this manner is 
equated with the expression obtained for total cross— section 


from optical theorem. 
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* Tca’Cct ,(s))“ ^ 

I + 1) -JES E 


I (oc ( 0 )) 


. 1 2 - 0.2 


0£ ‘ ^ _T7T/-.». G-^T7-*Tr* 


tiKK* ^ 1 ^■ 


4'n:ag.*(s) 


max 

I dff dt f(s, P, t) 

0 t ^ 

min 


(4.3.15) 


And we get 

,2 


a (0) 


& 


K K % 2 


a' 


(a *(s)) 

'' K 

' Ka (0)) /df / f(s,^, t) 


( *4-» y 


min 


(4.3. 16) 


A similar expression can be derived for nTj -* % 'rj and %tj-* 
% + anything in a straight-forward manner (See Appendix A). Also 
it is worth mentioning that the coupling constants occuring 
here are dimensionless. Therefore, this fact must be kept in 
mind while comparing these coupling const-^-nts with the experi- 
mental results. 

4. 4 Re suits : 

We s-ummarise, in this section, the results on the compu- 
tation of the eq.n. (4.3.16) and the analogous equation for % yi 


processes. 
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(i) On comparing the cross-section ■k~K^ + anything and 

— . (j2 

TC K anything Y>je obtain the dimensionless quantity — = -1.99 


and this has to be compared with 






471: 


as calculated from 


other models. 

“f 

471 computed from the Super-Con'vergence Relation: 


a) 


by Adamello, Rubinstein, Veneziano and Virasoro"*^^ turns out to 
be 3 . 7 . 


r .2 „2 

niy-v V 


b) Ihe predictions of the pole model for Q -* Tt't gives - 

= 13+5 which through SU(3)''^'^ can be related to — 

4it 

= 3.25 + 1.25. 


Our results are in qualitative agreement with the results 
of these models. 


(ii) Similar results obtained from the reactions % +y'| anything 
% +'^1 7 C + anything yields: 

0? D 

— " ' ' p • = 101.68 GeV 5 which must be compared v/ith the coupling 

4a' 2 -jQc 

constant g, ^ which can be computed from Ap - p 7 t decay v/idth . 

TC ^ J 

We get g| = 313.4 GeY''^. 

Thus the coupling constants obtained through this bootstrap 
scheme, share qualitative agreement with the experimental results. 

I , 

In view of the drastic simplifying assimuption we have made through- 
out a more quantitative agreement could not be expected at this 
stage and must await farther refinements of the Dual Resonance 
theory. 
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In arriving at these results, we have not included the 
contributions of the diagram 250, (which corresponds to PEX 
region or projectile fragmentation limit). This is prompted 
by two main reasons, (i) An explicit estimate shows that the 
contribution is too small to alter the general conclusions 
(ii) the inclusion of fig. 25c,. makes the problem computationally 
more difficult without adding anything in principle. In viev? 
of our interest mainly in qualitative features, we admit this 
approximation to facilitate the computation. 



chapter V 


We seek to summarise and discuss our results and suggest 
possible improvements of our model in this chapter. It is a 
well known experimental fact that the cross-sections for 
charge-exchange ana hypercharge-exchange processes decrease 
as energy increases since the Pomeranchukon trajectory cannot 
he exchanged in these processes. Yfe feel that the dynamical 
nature of the vector and tensor meson trajectories is rather 
well understood in the frame work of duality, whereas the 
dynamical origin of the Pomeranchukon is not known so well. 
Therefore 5 it is of interest to study the charge and hypercharge 
exchange reactions, where the vector and tensor meson trajec- 
tories are exchanged, in a model which exhibits the principle 
of duality. Moreover, there is vast amount of experimental 
data in the intermediate and medium high energy region for these 
processes. We have studied such processes in a Teneziano like 
model. 

In the first chapter we have studied processes in which 
a single Regge pole can he exchanged in the t-channel. In case 
of charge-exchange process, ^ have tried to understand 
the polarization phenomena in a q_ualitative manner. ¥e have 
calculated polarization for ttF OEX in different models and 

have compared the results with the experimental data. A. 

single Regge pole exchange model for mR CEX gives vanishing 
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polarization, though it describes the differential cross- 
sections fairly well. We sought to explain-the polarization 
phenomena through the non-asymptotic-terms of the Yeneziano 
amplitude. It is expected that a simple model like that of 
Igi’s cannot give a quantitative description of the polarization 
phenomena, nevertheless it is interesting to note that a simple 
model, like the one we have considered, gives a fairly good 
description of the polarization data. Of the various parametri- 
zations, we have considered the hest agreement with the polari- 
zation data are obtained in two sets, first #ien we consider 
all baryon trajectories to be degenerate and a second set of 
parameters, are obtained by the use of backward scattering data. 
Our calculations show 20 percent polarization in the low momentum 
transfer region (0 <-t < 0.3) and predict an increasing magni- 
tude of polarization at higher momentum transfers. Ihe data 
on polarization that has become available recently show such a 
trend at higher momentum transfers (.3 < -t < .55) indicating 
a substantial agreement between our predictions and the experi- 
mental data. In addition both the models predict a negative 
polarization for a(t) < 0 and indeed polarization has a violent 
oscillation when a(t) charges sign* Presently available data 
do not contradict such a possibility. Our prediction for 

polarization, calculated using information on fESR^has a wrong 
sign compared to the experimental data though it is of the same 
order of magnitude. The predictions of lenster and fair model 
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also turns out to give a wrong sign for the polarization. We 
have also calculated the irl CEX differential cross-sections. 

It is important to note that the differential cross-section 
is not changed significantly when we keep the "background terms. 

We ohserve here that the Veneziano model provides a background 
term to produce a nonzero polarization in •niH CEX scattering 
which agrees qualitatively with the experimental data. However ^ 
the results depend sensitively upon the details of the parame- 
trizations of the amplitude. Therefore^ this information alone 
cannot be used to test the uniqueness of the ¥eneziano amplitude . 

The other reaction that we have studied in the second 
chapter is the '"j -production in pion nucleon scattering. In this 
process Ag trajectory is exchanged in the t-channel. There also 
exists nonzero polarization at pion laboratory energies 11.2 G-eV 
and 5»9 GeV, though the data is scanty. We obtain a good fit 
to the differential cross-sections for the reaction tc p -)^n 
using only four parameters. The fit is characterized by a 
chi-square value 8.5 against an expected 10. Our solution 
yields an average polarization of 4 percent at 5«9 GeV. The 
experimental data, though some what inconclusive due to very 
large errors, are of opposite sign. At high energies (11.2 GeV) 
both the experimental data as well as o\ir solution indicate 
very small polarization. 
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In the first part of the Chapter III, we considered 

m charge-exchange reaction. The amplitude for this process 

contains four free parameters. The cross-section at K-meson 

laboratory energies at 9»8 GeV and 12.3 GeT are compared with 

our solution. The quality of the fit is characterized by a 

chi-square value of 21.3 against an expected 20. The amplitude 

fiu?ther yields an average positive polarization of 15 percent 

at 9*8 GeV. The experimental indications, also show a positive 

polarization. As is well known the s-u crossing relates this 

process to KH charge exchange process. The exchange degeneracy 

of p and ^2 trajectories implies, that the cross-sections for 

the two processes should be same at a given energy. It is 

impressive that our solutions agree reasonably well with the 

differential cross-section for K'^’n — K°p at K meson laboratory 

energy of 12 GeY. The only feature that is not completely 

-2 2 

reproduced is a broad shoulder at t = -.3 G-eV to -.5 GeY . 

The hypercharge exchange processes we have studied are 
Z“p and K“n A . Ihe former has six parameter and 

the fit to the differential cross-section at 8 GeY gave a chi- 
square value of 12 against an expected 7. An interesting 
featiire is that our solution yields a small positive 
(.2 percent) polarization in this reaction. We have to wait 
for the polarization data to check whether this is indeed true- 
Z or the reaction, K”n -* vc”a the total cross-section was fitted 
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with a formula involving only two parameters. The fit is good 
giving a chi-sci-uare value of 19 against 11. The formula also 
preaicts polarization which agrees qualitatively with the data 
at 4.5 G-eV. 

.Te have calculated polarization at pion laboratory energies 
4 GeV and 7 GeV for the process u'^p - The amplitude for 

this process is obtained by s — u crossing of the amplitude for 
Z p -»■ n; S . The fit# to the polarization data was obtained 
without any free parameters in the amplitudes. Our results 
agree with the experimental data for -t < .3 GeY^, whereas in 
the region -t > .4 GeY^ the polarization is of the order of ,7 
for all energies, much larger than what we obtain in our model. 

The existence of large polarization indicates the presence of a 
large background term' . In all our calculations the polariza- 
tion is produced due to the interference of the Regge term with 
the non leading terms present in the Stirling approximation of 
B and 0 functions of the Yeneziano amplitudes. Therefore .the 
i/s behavior of the polarization is incoi^orated automatically, 
this leads to vanishing polarization -at high energies. Though 
differential cross-section for charged pion photo production can 
be fitted well, it is not possible to describe the asyimnetry para- 
meter in a Yeneziano model. 

We have so far discussed the predictions and usefulness 
of the Yeneziano model to describe meson baiyon scattering 
phenomena in the intermediate and medium high energy region. 
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However, the model has several short- comings. In principle, 
since crossing symmetry is included, we should expect the model 
to he more versatile and thus he capable of predicting the 
amplitude in the low energy region as well. It is also expected 
that the parameters which describe the forward scattering pheno- 
mena should also he able to give a reasonable description of the 
processes in the backward directions. It is here that we find 
several discripancies, which make the model inexact in its 
details. The model requires a much larger number of resonances, 
several of them degenerate. The structure of the temns calls 
for parity doublets, the presence of particles in daughter 
trajectories of wrong isospin, etc. The set of parameters, that 
describe the forward scattering cross-section, do not describe 
the backward scattering data. In fact, in case of tcH CEX scatter- 
ing the backward scattering cross-sections, exceed by an order 
of magnitude when calculated using the parameters used by Igi 

lO€ 

and the set of parameters that are determined from FESR results. 
Indeed, by increasing the number of parameters and the satellite 
terms, we can reduce the number of un?ra.nted poles in the baryon 
channels. And it is also possible to describe the forward and the 
backward scattering data if one includes a large number of 
parameters. Such attempts have been made by Berger and Box 
and Desai and Kumar. Berger and Box find it necessary to 
introduce secondary Veneziano terms and also to include non— 
’V’eneziano factors to account for certain changes of sign.In 



121 


order to describe the elastic scattering ieither one has to 
introduce the Pomeranchukon trajectory in a nondual fashion 
or one has to keep exotic trajectories in the haryon channel. 
Another important point to notice here is the fact that the 
uniqueness of the Veneziano representation cannot be concluded 
from experimental results. It calls for additional constraints 
on the amplitude in order to determine the residue functions 
uniquely. 

\ 

In the second and the third chapter, we have adopted the 
point of view that the Veneziano parametrization is the most econo- 
mical to describe phenomenologically the high energy charge- 
exchange and hypercharge-exchange reactions. This is supported 
by the fact that there is substantial agreement between high 
energy cross-sections and polarization data and the Veneziano 
like solutions, exist notwithstanding the shortcomings of the 
model. 

In the fourth chapter we have considered a nonlinear 
bootstrap scheme. This imposes certain restrictions on the 
Veneziano residues. We feel, if this approach succeeds, that 
it might be possible to determine the Veneziano residue uniquely 
through this bootstrap scheme. 

In this scheme we obtain a sum rule relating an appro- 
priate discontinuity of the four point Veneziano amplitude to 
an integral over a discontinuity function of a six point 
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function. The former discontinuity function Is proportional 
to g2 whereas the latter Is of the order of g\ This sum rule 

_enables us to Impose the bootstrap conditions on the coupling 
constants. 

The principal difficulty in this scheme is caused hy our 
inability to write the discontinuity function in a closed from, 
in all kinematical regions. Perhaps significant e 3 rrors are 
introduced by the extrapolation that we have adopted. There is 
room for improvement of both the technique and the choice of 
the starting Dual Resonance Model. 

The central theme, on which this bootstrap scheme is 
based, emphasises that Dual Resonance Model contains a good 
deal of properties that are characteristic of a unitary theory. 
This draws support from the fact that the Regge trajectories 
are very nearly linear and the widths of the higher resonances 
are indeed small. Hence the corrections to DRM should occur 
as small parameters. It is not clear that in the multi- loop 
approach, which attempts to take care of unitarity perturba- 
tively in a very elegant crossing ssrmmetric manner, such correc- 
tions indeed be small. In fact, there are divergences due to 
a variety of reasons, on the contrary, in the approach we have 
considered here; there are no problems connected with infinities. 
Instead, unitarity acts as further constraints on the model. 
Indeed, if such a line of thought merits consideration, further 
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refinement of the theory would he in starting with a better 
approxijnation of DRM. Por example one may introduce the tra- 
jectory function with proper analytic structure. It is possible 
to construct a crossing symmetric amplitude that has 
the correct analytic structure, without introducing the tradi- 
tional difficulties 5 such as ancestors or essential singulari- 
ties. Perhaps a nonlinear eouation set up through such ampli- 
tudes would result in a better approximation. Our result cer- 
tainly encourages persuit of such ideas. 

In describing scattering cross-section and the polariza- 
tion phenomena for charge and hypercharge exchange processes 
we have introduced a phase to the apparently real Veneziano 
amplitude. Ibis is achieved by introducing a small imaginary 
part to the trajectory function. Similarly, in deriving the 
nonlinear bootstrap conditions we have Implicitly assumed that 
the imaginary part of the trajectory function is small. This is 
supported by the fact that experimentally observed resonances 
are rather narrow. Therefore, we feel that the Teneziano ampli- 
tude, to a good approximation, describes the real hadronic world. 
Any correction to the Veneziano function would be snail so that 
the narrowness of the resonance is not affected to a large 
extent. All our calculations indicate .'Validity of this 


belief. 
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APPENDIX A 


Y/e list "below the disoontinuity functions of the six 
point function ■ 31 + 71 ;+ - ■ji+7t+)n which are related to the inclusive 
cross-section n+Yj -* Tt+anything. 

®6 " % C !^^(''"'Q^(’t))-2a(t) PC-aCt)) !( 1-a(t) ) +a^(t) 

ir 
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(a(s)) (1-f) ^ 
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The discontinuity functions eqns. (A.1)-(A.3) have been derived 
in the limit s -* <>=5 t fixed ~ and ^ - 0. 


The bootstrap equation for the process % 
the following form. 


It yj 


takes 
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a ( 0)-1 
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T ,2 2 
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f f dt f(s,t, .(A.4) 


Then we obtain the coupling constant g^. 
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